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Date: May 28, 1999 



Docket No,: 2282-127P (NEW) 



Assistant Commissioner for Patents 
Washington, DC 20231 

Sir : 

This is a Request for filing a □ continuation ^ divisional 
application under 37 C.F.R, § 1.53(b) of pending prior 
Application No. 08/981,308 filed on December 16, 1997, the entire 
contents of which are hereby incorporated by reference, 
by 

Katsusuke SHIMAZAKI, Norio OHTA, Akiyoshi ITO, Katsuji NAKAGAWA, 
Kazuko INOUE 

for 



MAGNETO-OPTICAL RECORDING MEDIUM AND METHOD FOR RECORDING AND 
REPRODUCTION THEREON 



1. ^ Enclosed is an application consisting of specification, 

claims, declaration and drawings/photographs (if 
applicable) . 

2, ^ The filing fee has been calculated as follows: 



MAIL ADDRESS: P.O* BOX 747, FALLS CHURCH, VIRGINIA, USA 22040-0747 



Rule 53(b) Divisional of 08/981,308 
Docket No. 2282-127P (NEW) 



O 









LARGE ENTITY 


SMALL ENTITY 




BASIC 


FEE 


$760.00 


$380.00 




NUMBER 
FILED 


NUMBER 
EXTRA 


RATE FEE 


RATE FEE 


TOTAL 
CLAIMS 


1-20 = 


0 


X 18 = $0.00 


X 9 = $0.00 


INDEPENDENT 
CLAIMS 


0-3 = 


0 


X 78 = $0.00 


X 39 = $0.00 


□ MULTIPLE DEPENDENT 
CLAIMS PRESENTED 


+ $260.00 


+ $135.00 




TOTAL 


$760.00 


$0.00 



3. ^ A check in the amount of $760.00 to cover the filing 

fee and recording fee (if applicable) is enclosed, 

4. □ Please charge Deposit Account No. 02-2448 in the amount 

of $0.00. A triplicate copy of this request is 
enclosed. 

5. Amend the specification by inserting before the first line 
thereof the following: 

a. □ — This application is a □ continuation 

□ divisional of co-pending Application No. 
08/981,308, filed on December 16, 1997, the entire 
contents of which are hereby incorporated by 
reference . — 



b. 1^ — This application is a □ continuation 

^ divisional of co-pending Application No. 
08/981,308, filed on December 16, 1997. Application 
No. 08/981, 308 is the national phase of PCT 
International Application No. PCT/ JP96 / 01938 filed on 
July 12, 1996 under 35 U.S.C. § 371. The entire 
contents of each of the above-identified applications 
are hereby incorporated by reference. — 



6. □ Transfer the drawings/photographs from the prior 
application to this application and abandon said prior 
application as of the filing date accorded this 
application. A duplicate copy of this request is 
enclosed for filing in the prior application file. 
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7. 

8. □ 

9. m 

10. ^ 
lla. □ 

lib. 13 

12. 13 

13. 13 

14. □ 

15. □ 



Enclosed is/are nineteen ( 19 ) sheet (s) of formal 
drawings and/or photographs. 

A statement claiming small entity status was filed in 

prior Application No. on . See the attached 

copy of the statement claiming small entity status. 

The prior application is assigned to HITACHI MAXELL, 
LTD. 

A Preliminary Amendment is enclosed. 

Priority of Application No(s). filed in on 

is/are claimed under 35 U.S.C. § 119. See 

attached copy of the Letter claiming priority filed in 
the prior application on . 

Priority of International Appln. PCT/ JP96/01938 filed 
on July 12, 1996 under the Patent Cooperation Treaty 
and Japanese Application No. 7-200555 filed in Japan on 
July 13, 1995 under 35 U.S.C. § 119 are hereby 
reclaimed. 

An Information Disclosure Statement and PTO-1449 
form(s) are attached hereto for the Examiner's 
consideration. 

Address all future communications to: 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 

An extension of time for ( ) month (s) until 

has been submitted in parent Application No. 08/981,308 
in order to establish co-pendency with the present 
application . 



Also enclosed herewith is the following: 
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If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




JAK/GMD/isd 
2282-127P (NEW) 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachments 



(Rev. 04/20/99) 



PATENT 
2282-127P (NEW) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : 



SHIMAZAKI, Katsusuke et al . 



Serial No: 



Rule 53(b) Div. of 
08/981,308 



Group : 



Unassigned 



Filed: 



May 28, 1999 



Examiner : Unassigned 



For: 



MAGNETO-OPTICAL, RECORDING MEDIUM AND METHOD 
FOR RECORDING AND REPRODUCTION THEREON 



PRELIMINARY AMENDMENT 



Assistant Commissioner of Patent 



May 28, 1999 



Washington, D.C. 20231 
Sir: 

The following preliminary amendments and remarks are 
respectfully submitted in connection with the above-identified 
application . 

IN THE ABSTRACT OF THE DISCLOSURE : 

Please add to the specification, the Abstract attached 
hereto . 

IN THE SPECIFICATION: 

Page 6 , line 20, change "layer" to --layers--; and 

Line 27, before "logical" insert — a — . 
Page 9 , line 27, change "make" to — provide for--. 
Page 10 , line 5, change "make" to — provide for — . 
Page 33 , line 17, change "Thechnical" to --Technical--. 



Rule 53(b) Div. of 08/981,308 
Attorney Docket No.: 2272-127P (NEW) 

Page 43 , line 10, change "Thechnical" to — Technical--. 
Page 56 , line 8, change "Thechnical" to — Technical — ; and 
Line 25, change "Thechnical" to — Technical--. 

IN THE CLAIMS : 

Please cancel claims 2-23 without prejudice or disclaimer to 
the subject matter contained therein. 

REMftRKS 

Claim 1 is now pending in this application. 

The present application is a divisional of parent application 
Serial No. 08/981,308, filed December 16, 1997, which is filed to 
pursue subject matter not covered or specifically claimed in the 
allowed claims of the parent application. 

Favorable action and early allowance of the claims are 
respectfully requested. 

If the Examiner has any questions concerning this 
application, he is requested to contact the undersigned at (703) 
205-8000 in the Washington, D.C. area. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
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Rule 53(b) Div. of 08/981,308 
Attorney Docket No.: 2272-127P (NEW) 

required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 

particularly, extension of time fees. 



JAK/GMD/isd 
2282-127P 



Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




A. Kolas cTf 
Reg. No. 22,4 63 

Post Office Box 747 

Falls Church, VA 22040-0747 

(703) 205-8000 
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ABSTRACT OF THE DISCLOSURE 
A magneto-optical recording medium and a method for recording 
and reproduction thereon are provided in order to reproduce 
information recorded by multi-valued recording at a high S/N 
ratio. Disclosed is a magneto-optical recording medium including 
two magnetic layers capable of four-valued recording based on four 
combined magnetization states. Magnitudes of reproduction signals 
concerning the four magnetization states, obtained upon 
reproduction at a wavelength A^i, are different from those 

obtained upon reproduction at a wavelength A.2 . The two magnetic 
layers, on which a signal (a) is recorded, are irradiated with 
light beams having the wavelengths A^i and ^2 respectively. 
Signals (d) , (e) reproduced from respective reflected light beams 
are sliced by using at least one slice level to obtain two-valued 
or higher multi-valued reproduction signals respectively. The 
two-valued or higher multi-valued reproduction signals (f), (g) 
from the respective wavelengths are mutually subjected to logical 
operation to reproduce recorded information (i) , 
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system applied to the magneto-optical recording medium as 
described above, in order to detect, upon reproduction/ 
signals recorded as multi-valued signals, the multi-valued 
signals have been distinguished by slicing, at a plurality 
of levels, signals detected from the magneto-optical 
recording medium. Accordingly, it has been impossible to 
obtain a large difference in signal amplitude corresponding 
to each of multi-valued states, and it has been difficult 
to clearly distinguish two states with a close difference 
in signal amplitude therebetween. For this reason, a 
problem arises in that the S/N ratio is low with respect to 
reproduced multi-valued signals. Therefore, it has been 
demanded to realize a reproduction technique for obtaining 
reproduction signals at a high S/N ratio from a certain 
magneto-optical recording medium subjected to high density 
recording. 

As for magneto-optical recording media each having a 
plurality of magnetic layers, a recording medium, in which 
infojrmation can be recorded and reproduced independently on 
each of magnetic layers, may serve as an extremely 
effective recording medium when various types of 
information are recorded on a single recording medium in a 
correlated manner, or when they are simultaneously recorded 
and reproduced in parallel together with a plurality pieces 
of channel information. 
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JP-A-43 05841 discloses a method for reproducing a 
multilevel information which has been recorded by 
illuminating with a recording light a magneto-optical 
recording medium, which has a magneto-optical layer wherein 
a magnetization direction may be changed by means of a 
magnetic field and heat with the illumination of the light, 
and an enhanced layer wherein a refractive index with 
respect to a reproducing light may be changed depending on 
a heating condition with the illumination light, to 
independently vary the magnetization direction of the 
magneto-optical recording layer and the refractive index of 
the enhanced layer- In the method, the information is 
reproduced by illuminating the magneto-optical recording 
medium, onto which the multilevel information has been 
recorded, with two reproducing lights having different 
wavelength in order to independently detect the intensity 
of the respective lights • The enhanced layer must have a 
characteristic that the refractive index with respect to an 
illumination light used for reproduction is changed 
depending on a heating condition based on illumination of 
the light. 

JP-A-7147027 discloses a method for reproducing a 
multilevel information from a magneto-optical recording 
medium having a first magnetic recording layer and a second 
magnetic recording layer by using two laser beams with 
length XI, X2, The magneto-optical recording medium needs 
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to use a spacer layer for transmitting the laser beam 
having the wavelength X2 and reflecting the laser beam 
having the wavelength XI . 

Disclosure of Invention 

The present invention has been made in order to solve 
the problems caused by the conventional techniques as 
described above, an object of which is to provide a novel 
method for recording and reproduction on a magneto-optical 
recording medium in which information recorded by multi- 
valued recording can be reproduced at a high S/N ratio. 

Another object of the present invention is to provide 
a novel method for recording and reproduction on a magneto- 
optical recording medium having a plurality of magnetic 
layers in which data can be independently recorded 
(recorded in multi-layers) or reproduced on each of 
magnetic layers of the magneto-optical recording medium. 

Still another object of the present invention is to 
provide a magneto-optical recording medium which is used 
for the method for recording and reproduction on the 
magneto-optical recording medium according to the present 
invention, on which reproduction signals can be reproduced 
at a high S/N ratio from the magneto-optical recording 
medium subjected to multi-valued recording. 

Still another object of the present invention is to 
provide a novel magneto-optical recording medium which is 
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recording temperature (Curie temperature) by using a single 
laser beam so that the read information is recorded on the 
first magnetic layer again, and new information is recorded 
on the second magnetic layer subjected to rewriting. 
According to this method, apparently the information on the 
first magnetic layer remains as it is , and only information 
on the second magnetic layer is rewritten into the new 
information. Thus only one of the magnetic layers is 
subjected to rewriting. 

Next, a specified method will be explained with 
reference to Figs. 9 and 10. The magneto-optical disk 
produced in the second embodiment was used as a recording 
medium. Accordingly, when the magneto-optical disk is 
operated in accordance with the reproduction method as 
explained in the aforementioned sixth embodiment, then 
information on the first magnetic layer can be reproduced 
by using the reproducing light beam having the wavelength 
= 443 nm, and information on the second magnetic layer 
can be reproduced by using the reproducing light beam 
having the wavelength = 780 nm on the recording medium. 
Two laser sources as shown in Fig. 9 were used upon 
recording of information, and two laser beams were 
collected so that they were deviated from each other at 
frontward and backward positions in a direction along a 
recording track. Namely, the laser beam at X^ = 443 nm was 
allowed to precede the laser beam at X2 = 780 nm in order 
to make scanning on the disk. The laser beam at = 443 
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spot at the wavelength precedes the laser spot at the 
wavelength X^. 

In the sixth and seventh embodiment described above, 
recording and reproduction are performed by using the 
5 magneto-optical disk obtained in the second embodiment. 
However, it is also allowable to use the magneto-optical 
disk obtained in the third embodiment. When the magneto- 
optical disk obtained in the first embodiment is used, it 
is impossible to reproduce information on one of the 

10 magnetic layers . by using only the reproducing light beam 

having one of the wavelengths. Accordingly, information on 
both of the layers is once reproduced by using the 
reproducing light beams having the wavelengths and Xj. 
Only information on one of the magnetic layers is stored, 

15 which is combined with information to be recorded on the 
other magnetic layer, followed by recording by using the 
recording light beam. Thus it is possible to execute a 
recording method in which only one of the layers is 
subjected to rewriting. 

20 

Eighth Embodiment 
(Fourth Embodiment of Magneto-optical Recording Medium) 
In the aforementioned embodiments , the rare earth 
metal-transition metal alloy comprising the same components 
25 (TeFeCo) has been used for the first and second magnetic 
layers. On the contrary, this embodiment exemplifies a 
magneto-optical recording medium produced by using 
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CLAIMS 



1 . A method for recording and reproduction on a 
magneto-optical recording medium including a plurality of 
magnetic layers (3,5), in which multi-valued information Li 
recorded on the magneto-optical recording medium as a 
combination of magnetization states of the respective 
magnetic layers (3,5), and the multi-valued information is 
reproduced on the basis of an aggregate of the 
magnetization states of the respective magnetic layers 
(3,5), characterized in that: 

the plurality of the magnetic layers (3,5) are 
irradiated with light beams having wavelengths Xi and X.2 (?^2 
respectively, signals reproduced from reflected light 
beams having the respective wavelengths are converted into 
two-valued or higher multi-valued reproduction signals 
respectively, and then the converted reproduction signals 
concerning the respective wavelengths are mutually 
subjected to logical operation to reproduce the recorded 
multi-valued information • 

2 . The method for recording and reproduction on the 
magneto-optical recording medium according to claim 1, 
wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium in which a ratio of 
intensities of reproduction signals detected for a 
plurality of magnetization states determined by the 
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combination of the magnetization states, concerning the 
reproduction signals obtained at the wavelength X^^ is 
mutually different from that concerning reproduction 
signals obtained at the wavelength Xj* 

3 . The method for recording and reproduction on the 
magneto-optical recording medium according to claim 1 or 2, 
wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium in which an order of 
intensities of a plurality of reproduction signals detected 
for a plurality of magnetization states determined by the 
combination of the magnetization states, obtained upon 
detection at the wavelength X^, is mutually different from 
that obtained upon detection at the wavelength X2. 

4 . The method for recording and reproduction on the 
magneto-optical recording medium according to claim 3, 
wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium including two magnetic 
layers (3,5) capable of four-valued recording on the basis 
of four combined magnetization states, in which magnitudes 
of reproduction signals to 84 from the four magnetization 
states, obtained upon reproduction at the wavelength X^, 
are different from those obtained upon reproduction at the 
wavelength Xj/ wherein: 

the two magnetic layers (3,5) are irradiated with the 
light beams having the wavelengths and X2 respectively. 



67 

SUBSTITUTE AMENDED SHEET 



signals reproduced from respective reflected light beams 
are sliced by using at least one level to obtain two-valued 
or higher multi-valued reproduction signals respectively, 
and the two-valued or higher multi-valued reproduction 
signals concerning the respective wavelengths are mutually 
subjected to logical operation to reproduce information 
recorded by four-valued recording. 

5 . A method for recording and reproduction on a 
magneto-optical recording medium including a plurality of 
s (3,5), in which multi-valued information or a plurality 
of two-valued infomation series are recorded on the 
magneto-optical recording medium as a combination of 
magnetization states of the respective magnetic layers 
(3,5), and the multi-valued information or the plurality of 
the two-valued information series are reproduced on the 
basis of an aggregate of the magnetization states of the 
respective magnetic layers (3,5), characterized in that: 

the plurality of the magnetic layers (3,5) are 
irradiated with light beams having wavelengths ^i^d 
respectively, information recorded on one (3) of the 
magnetic layers (3,5) is reproduced via the combination of 
magnetization states of the respective magnetic layers 
(3,5) by using the light beam having the wavelength Xi, 
information recorded on another (5) of the magnetic layers 
(3,5) is reproduced via the combination of magnetization 
states of the respective magnetic layers (3,5) by using the 
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light beam having the wavelength (^-2 ^ ^i) r thus 
infoinnation is independently reproduced from each of the 
magnetic layers (3,5). 

6* The method for recording and reproduction on the 
magneto-optical recording medium according to claim 5, 
wherein the magne-to-optical recording medium to be used is 
a magneto-optical recording medium in which an order of 
intensities of a plurality of reproduction signals detected 
for a plurality of magnetization states determined by the 
combination of the magnetization states, obtained upon 
detection at the wavelength X^, is mutually different from 
that obtained upon detection at the wavelength 

7. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 5 or 6, 
wherein information recorded on one (3) of the magnetic 
layers (3,5) is reproduced by radiating a light beam having 
the wavelength Xj or Xj, while the reproduced information 

is combined with information to be recorded on another (5) 
of the magnetic layers (3,5) to perform recording by using 
a recording light beam having the wavelength X^ or Xj, and 
thus only information on the another of the magnetic layers 
(3,5) is rewritten. 

8. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 7, 
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wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium including two magnetic 
layers (3,5) capable of four-valued recording on the basis 
of four combined magnetization states, in which an order of 
5 magnitudes of reproduction signals to 84 from the four 
magnetization states, obtained upon detection at the 
wavelength Xi, is different from that obtained upon 
detection at the wavelength Xj, and wherein: 

two-valued information on one (3) of the magnetic 
10 layers (3,5) is reproduced by using the light beam having 
the wavelengths X^, and two-valued information on the other 
magnetic layer (5) is reproduced by using the light beam 
having the wavelengths Xj. 

15 9. The method for recording and reproduction on the 

magneto-optical recording medium according to claim 8, 
wherein a two- valued signal converted into two-valued one 
by slicing, at. a predetermined level, a reproduction signal 
including the four magnetization states detected at the 

20 wavelength Xi corresponds to a two-valued magnetization 

state of one (3) of the magnetic layers (3,5), and a two- 
valued signal converted into two-valued one by slicing, at 
a predetermined level, a reproduction signal including the 
four magnetization states detected at the wavelength X2 

25 corresponds to a two-valued magnetization state of the 
other magnetic layer (5). 
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10. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 7, 
wherein information is independently recordable on each of 
the magnetic layers (3,5), and information is independently 
reproducible from each of the magnetic layers (3,5) by 
selecting the wavelength of the light beam with which the 
magneto-optical recording medium is irradiated- 

11. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 1, 
wherein is 350 to 900 nm, and is a wavelength 
different from by not less than 5 0 nm. 

12. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 5, 
wherein X^ is 350 to 900 nm, and Xj is a wavelength 
different from X^ by not less than 5 0 nm. 

13. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 1, 
wherein the magneto-optical recording medium is irradiated 
with the light beam at X^ and the light beam at Xj so that 
the two beams are collected at different portions on a 
recording area of the magneto-optical recording medium 
respectively. 

14. The method for recording and reproduction on the 
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magneto-optical recording medium according to claim 5^ 
wherein the magneto-optical recording medium is irradiated 
with the light beam at and the light beam at so that 
the two beams are collected at different portions on a 
5 recording area of the magneto-optical recording medium 
respectively . 

15. A magneto-optical recording medium to be used for 
the method for recording and reproduction according to 
claim 1, including a plurality of magnetic layers (3,5) on 
a substrate, on which mult i- valued information is recorded 
on the basis of a combination of magnetization states of 
the plurality of the magnetic layers (3,5)/ characterized 
in that : 

a ratio of magnitudes of Kerr rotation angles read 
from a plurality of magnetization states determined by the 
combination of the magnetization states , obtained upon 
reproduction by using a light beam having a wavelength X^, 
is mutually different from that obtained upon reproduction 
by using a light beam having a wavelength Xj- 

16. The magneto-optical recording medium according to 
claim 15, wherein optical path lengths of layers for 
constructing the magneto-optical recording medium are 

25 adjusted so that the ratio of magnitudes of Kerr rotation 
angles read from a plurality of magnetization states 
determined by the combination of the magnetization states. 
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obtained upon reproduction by using the light beam having 
the wavelength X^, is mutually different from that obtained 
upon reproduction by using the light beam having the 
wavelength Xj. 

17. The magneto-optical recording medium according to 
claim 15 or 16, wherein a magnetic material for at least 
one magnetic layer (3) of the plurality of the magnetic 
layers (3,5) is selected so that the ratio of magnitudes of 
Kerr rotation angles read from a plurality of magnetization 
states determined by the combination of the magnetization 
states, obtained upon reproduction by using the light beam 
having the wavelength K^, is mutually different from that 
obtained upon reproduction by using the light beam having 
the wavelength 

18. The magneto-optical recording medium according to 
claim 17, wherein the magnetic material for at least one 
magnetic layer (3) is garnet. 

19. A magneto-optical recording medium to be used for 
the method for recording and reproduction according to 
claim 5, including a plurality of magnetic layers (3,5) on 
a substrate, on which multi- valued information or a 
plurality of two-valued information series are recorded on 
the basis of a combination of magnetization states of the 
plurality of the magnetic layers (3,5), characterized in 
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that : 

magnitudes of Kerr rotation angles read from a 
plurality of magnetization states determined by the 
combination of the magnetization states differ depending on 
a wavelength of a reproducing light beam respectively; and 

the magneto-optical recording medium has a magneto- 
optical characteristic that a curve, which represents 
variation in the Kerr rotation angle with respect to the 
wavelength of the reproducing light beam detected from one 
combined magnetization state, intersects a curve which 
represents variation in the Kerr rotation angle with 
respect to the wavelength of the reproducing light beam 
detected from at least one of other combined magnetization 
states, in a wavelength range of to of the wavelength 
of the reproducing light beam. 

20, The magneto-optical recording medium according to 
claim 19, further comprising at least one dielectric layer 
and comprising the plurality of the magnetic layers (3,5) 
on a substrate, wherein optical path lengths of the at 
least one dielectric layer and the plurality of the 
magnetic layers (3,5) are adjusted so that the magneto- 
optical recording medium has the magneto-optical 
characteristic that the curve, which represents variation 
in the Kerr rotation angle with respect to the wavelength 
of the reproducing light beam detected from one combined 
magnetization state, intersects the curve which represents 
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variation in the Kerr rotation angle with respect to the 
wavelength of the reproducing light beam detected from at 
least one of other combined magnetization states in the 
wavelength range of to of the wavelength of the 
5 reproducing light beam. 

21- The magneto-optical recording medium according to 
claim 19 or 20, wherein a magnetic material for at least 
one magnetic layer (3) of the plurality of the magnetic 

10 layers (3,5) is selected so that the magneto-optical 

recording medium has the magneto-optical characteristic 
that the curve, which represents variation in the Kerr 
rotation angle with respect to the wavelength of the 
reproducing light beam detected from one combined 

15 magnetization state, intersects the curve which represents 
variation in the Kerr rotation angle with respect to the 
wavelength of the reproducing light beam detected from at 
least one of other combined magnetization states, in the 
wavelength range of to Xj of the wavelength of the 

20 reproducing light beam^ 

22. The magneto-optical recording medium according to 
claim 21, wherein the magnetic material for at least one 
magnetic layer ( 3 ) is garnet • 

25 

23. The magneto-optical recording medium according to 
claim 19, comprising at least a dielectric layer (2), first 
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and second magnetic layers (3,5), and an auxiliary magnetic 
layer (6) on the substrate, wherein at least one (3) of the 
first and second magnetic layers (3,5) is represented by 
the following general formula: 

( Tbioo-AQA ) xFeioo-x-y-zCo^Mg 
wherein: 

15 atomic % ^ X ^ 40 atomic %; 

5 atomic % s Y s 20 atomic %; 

0 atomic % ^ Z ^ 15 atomic %; 

0 atomic % ^ A ^ 3 0 atomic %; 
wherein M is at least one of elements selected from the 
group consisting of Nb, Cr, Pt, Ti, and Al, and Q is at 
least one of elements selected from the group consisting of 
Gd, Nd, and Dy. 
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DESCRIPTION 

HU^GNETO^OPTICAL RECORDING MEDIUM AND 
METHOD FOR RECORDING AND REPRODUCTION THEREON 

5 

Technical Field 

The present inV^ention rela-tes to a magneto<-op'tical 
recording medium an4 a method for recording and 
10 reproduction tbereoii. in particular, the present invention 
relates to a magnetc^-optical recording medium including a 
plurality of magnetise layers capable of multi^valued 
recording or multi-ljayered recording, and a method for 
recording and reprodjuction thereon, 

15 

Background Art 

Development in information processing technology in 
recent years involve^ the use of optical recording media as 

20 recording media baviijig a small size and a large capacity. * 
Such optical recordii^g media are classified into recording 
media exclusively us^d for reproduction such as CD and CD- 
ROM/ write-once type I recording media on which information 
can be written only c|nce, and rewritable type recording 

25 media on which infon4ation can be rewritten. Known 
rewritable recording jmedia include magneto-optical 
recording media such jas magneto-optical disks. Recording 
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is performed on such a magneto-optical recording medium by 
applying an external magnetic field while irradiating a 
recording layer (magnetic layer) with a laser light beam so 
that the polarity of magnetization in the recording layer 
5 is inverted into a direction of the external magnetic 
field. 

It is also one of important technical tasks for the 
magneto-optical recording meditim to achieve a high 
recording density* A system for recording signals 

10 converted into multi-valued information has been hitherto 
known as a means for achieving a high density on a magneto- 
optical recording medium, as described in, for example. 
Proceedings of 13th Congress of Applied Magnetics Society 
(published in 1989, page 68) and Japanese Journal of 

15 Applied Physics, Vol. 28 (1989) Supplement 28-3, pp. 343- 
347. 

In such a multi- valued recording system, a plurality 
of magnetic layers having mutually different coercive 
forces are stacked, and magnetization of a specified 

20 magnetic layer is selectively magnetically inverted by 

modulating, at multiple levels, the intensity of a magnetic 
field applied to the magnetic layers. It is described that 
four-valued (quaternary) signal recording can be achieved 
in accordance with this system by providing, in a recording 

25 medium, three magnetic layers having mutually different 
coercive forces 

However, according to the multi- valued recording 
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system applied to the magneto-optical recording medium as 
described above, in order to detect, upon reproduction, 
signals recorded as 'multi-valued signals, the multi-valued 
signals have been distinguished by slicing, at a plurality 
5 of levels, signals detected from the magneto-optical 

recording medium* Accordingly, it has been impossible to 
obtain a large diffeirence in signal amplitude corresponding 
to each of multi-valiued states, and it has been difficult 
to clearly distinguish two states with a close difference 

10 in signal amplitude therebetween. For this reason, a 

problem arises in thiat the S/N ratio is low with respect to 
reproduced multi-valued signals* Therefore, it has been 
demanded to realize ^ reproduction technique for obtaining 
reproduction signals at a high S/N ratio from a certain 

15 magneto-optical recording medium subjected to high density 
recording . 

As for magneto-optical recording media each having a 
plurality of magnetic layers, no recording medium has been - 
hitherto known, in which information can be recorded and 

20 reproduced independei^tly on each of magnetic layers> A 
recording medium having such performance may serve as an 
extremely effective recording medium when various types of 
information are recoijded on a single recording medium in a 
correlated manner, or when they are simultaneously recorded 

25 and reproduced in paiiallel together with a plurality pieces 
of channel information* 
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Disclosure of Invention 



The present invention has been made in order to solve 
the problems caused by the conventional techniques as 
5 described above, an object of which is to provide a novel 
method for recording and reproduction on a magneto-optical 
recording mediiua in which information recorded by multi- 
valued recording can be reproduced at a high S/N ratio. 

Another object of the present invention is to provide 

10 a novel method for recording and reproduction on a magneto- 
optical recording medium having a plurality of magnetic 
layers in which data can be independently recorded 
(recorded in multi-layers) or reproduced on each of 
magnetic layers of the magneto-optical recording medium. 

15 Still another object of the present invention is to 

provide a magneto-optical recording mediiim which is used 
for the method for recording and reproduction on the 
magneto-optical recording medium according to the present 
invention, on which reproduction signals can be reproduced 

20 at a high S/N ratio from the magneto-optical recording 
medium subjected to multi- valued recording. 

Still another object of the present invention is to 
provide a novel magneto-optical recording medium which is 
used for the method for recording and reproduction on the 

25 magneto-optical recording medium according to the present 
invention, having a plurality of magneto-optical recording 
layers, on which data can be independently recorded and 
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reproduced on each of the recording layers. 

According to a first aspect of the present invention, 
there is provided a method for recording and reproduction 
on a magneto-optical recording medium including a plurality 
5 of magnetic layers, in which multi-valued information is 
recorded on the magi^eto-optical recording medium as a 
combination of magneitization states of the respective 
magnetic layers , andl the multi-valued information is 
reproduced on the ba^is of an aggregate of the 

10 magnetization states of the respective magnetic layers, 
characterized in that: 

the plurality of the magnetic layers are irradiated 
with light beams having wavelengths and (Xj !* X^) 
respectively, signals reproduced from reflected light beams 

15 having the respective wavelengths are converted into two- 
valued (binary) or higher multi-valued reproduction signals 
respectively, and then the converted reproduction signals 
concerning the respective wavelengths are mutually 
subjected to logical operation to reproduce the recorded 

20 multi-valued information. 

It is preferred in the method for recording and 
reproduction described above that the magneto-optical 
recording medium to tie used is a magneto-optical recording 
medium in which a ratio of intensities of reproduction 

25 signals detected for a plurality of magnetization states 
determined by the combination of the magnetization states, 
concerning the reprodtiction signals obtained at the 
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wavelength is mutually different from that concerning 
reproduction signals obtained at the wavelength Xj- It is 
also possible that the magneto-optical recording medium to 
be used is a magneto-optical recording medium in which an 
5 order of intensities of a plurality of reproduction signals 
detected for a plurality of magnetization states determined 
by the combination of the magnetization states, obtained 
upon detection at the wavelength K^, is mutually different 
from that obtained upon detection at the wavelength Xj- 
10 It is preferred in the method for recording and 

reproduction described above, according to an embodiment of 
the present invention, that the magneto-optical recording 
medium to be used is a magneto-optical recording medium 
including two magnetic layers capable of four-valued 
15 recording on the basis of four combined magnetization 

states, in which magnitudes of reproduction signals to 6^ 
from the four magnetization states, obtained upon 
reproduction at the wavelength Xi, are different from those 
obtained upon reproduction at the wavelength X2, wherein 

ayer)^are irradiated with the light beams 
having the wavelengths X^ and Xj respectively, signals 
reproduced from respective reflected light beams are sliced 
by using at least one level to obtain two-valued or higher 
multi- valued reproduction signals respectively, and the 
25 two-valued or higher multi-valued reproduction signals 
concerning the respective wavelengths are mutually 

subjected to logical operation to reproduce information 

A 
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recorded by four- valued recording. 

The principle of the method for recording and 
reproduction according to the first aspect of the present 
invention will be explained below. Explanation will be 
5 made as exemplified by reproduction of a four- valued 

recording signal recorded on a magneto-optical recording 
medium having two majgnetic layers (recording layers) 
produced in the first embodiment described later on. Fig. 
3 (a) illustrates magnetization states of first and second 

10 magnetic layers (recording layers) subjected to recording 
in accordance with the fourth embodiment described later 
on. Pour combined magnetization states of (tt)r (ti)f 
( 1 t ) r iii) exist on the magneto-optical recording medium 
based on combinations of magnetization directions on the 

15 first and second magnetic layers. The magnetization states 
are depicted in an o;pder from the first magnetic layer to 
the second magnetic layer. The four combined magnetization 
states correspond to recorded four-valued signals, i.e., 
"0"r "1", "2"/ "B** respectively. The four-valued signals 

20 have been recorded iA accordance with the recording 

principle explained jLn the embodiments by applying, upon 
recording, external Magnetic fields having intensities of 
HO, HI, H2, H3 to the magneto-optical recording medium 
respectively. As for information recorded on the basis of 

25 the combinations of the four magnetization states, the 
magneto-optical recording medium is irradiated with 
reproducing light beajms at = 443 nm and " 780 nm to 
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obtain reflected light beams therefrom so that magnitudes 
of apparent Kerr rotation angles are determined as 
reproduction signals. The term "apparent Kerr rotation 
angle" herein means a Kerr rotation angle detected from a 
5 reflected light beam from a magneto-optical recording 
medium irradiated with a reproducing light beam. The 
apparent Kerr rotation angle is detected as a value which 
is larger than that of a Kerr rotation angle representing 
an actual magnetization state of a magnetic layer due to a 

10 multiple interference effect on a protective layer in the 
recording medium or a Faraday effect of a recording layer, 
which is also called "effective Kerr rotation angle". Fig. 
3 (b) shows relative signal outputs from the respective 
states reproduced with the reproducing light beam at Xi = 

15 443 nm, and Fig. 3 (c) shows relative signal outputs from 
the respective states reproduced with the reproducing light 
beam at - 7 80 nm. As for the magneto-optical recording 
medium used in the method for recording and reproduction 
according to the present invention, the apparent Kerr 

20 rotation angle obtained with the reproducing light beam 

varies depending on the wavelength of the reproducing light 
beam especially due to the multiple interference of the 
reproducing light beam in the first dielectric layer. As 
shown in Fig. 2, reproduction signal intensities for the 

25 four magnetization state "0", "1", "2", "3" determined by 
, the combination of the respective magnetic layers, i.e., 
apparent Kerr rotation angles, vary depending on the 
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wavelength of the reproducing light beam, in Fig. 2, a 
difference F in the IKerr rotation angle between the states 
"1" and "0", a diffeirence E in the Kerr rotation angle 
between the states "lo" and "3"^ and a difference D in the 
5 Kerr rotation angle between the states "3" and "2" are 

approximately the satae in the vicinity of a wavelength X = 
630 nm. However, ini a longer wavelength region, for 
example, a differencb A in the Kerr rotation angle between 
the states "2" and -3*" and a difference B in the Kerr 

10 rotation angle between the states "O'* and '•I- at a 
wavelength X = 780 nin are fairly larger than the 
corresponding differences D and F in the Kerr rotation 
angle at the wavelength X=630mn» On the other hand, on 
a shorter wavelength side, a difference C in the Kerr 

15 rotation angle between the state "S- and •*0'' especially in 
the vicinity of 443 <im is fairly larger than the 
corresponding difference E in the Kerr rotation angle in 
the vicinity of the \ilyavelength X 630 nm. According to 
t^hese facts, it is recognizable that a higher S/N ratio is 

20 obtained by distinguishing and detecting the four states by 
using the two wavelengths of 443 nm and 780 nm, as compared 
with detection by dividing signal amplitudes corresponding 
to the four values of the states "0'', -1", "2*', "^S" by 
using the single wavelength of 63 0 nm. According to the 

25 embodiment of the prejsent invention, a reproduction signal 

is detected by using the reproducing light beam at X^ = 443 

nm, and then it is sliced at an appropriate level to(make^ pr&u*^ 

C(yr 
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separation into two-valued values concerning the state "O*" 
or -I" and the state -2*' or "3", while a reproduction 
signal is detected by using the reproducing light beam at 
= 780 xm, and then it is sliced at appropriate levels to 
5 fmake? separation into three levels of the state ••0" or "3", 



the state "1", and the state "2" so that two series of two- 
valued signals are obtained from which a recording signal 
recorded on the multiple layers (two layers) can be 
reproduced . 



there is provided a method for recording and reproduction 
on a magneto-optical recording medium including a plurality 
of magnetic layers, in which multi-valued information or a 
plurality of two-valued information arrays are recorded on 

15 the magneto-optical recording medium as a combination of 

magnetization states of the respective magnetic layers, and 
the multi-valued information or the plurality of the two- 
valued information arrays are reproduced on the basis of an 
aggregate of the magnetization states of the respective 

20 magnetic layers, characterized in that: 

the plurality of the magnetic layers are irradiated 
with light beams having wavelengths and respectively, 
information recorded on one of the magnetic layers is 
reproduced by using the light beam having the wavelength 

25 Xi, information recorded on another of the magnetic layers 
is reproduced by using the light beam having the wavelength 
X2 (X2 ^ Xi), and thus information is independently 




According to a second aspect of the present invention. 
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reproduced from each of the magnetic layers . 

It is preferred in the method for recording and 
reproduction described above that the magneto-optical 
recording medium to be used is a magneto-optical recording 
5 medium in which an otder of intensities of a plurality of 
reproduction signals detected for a plurality of 
magnetization states determined by the combination of the 
magnetization states |^ obtained upon detection at the 
wavelength X^, is mutually different from that obtained 
10 upon detection at thp wavelength Xj. 

It is preferred in the method for recording and 
reproduction described above that the magneto-optical 
recording medium to he used is a magneto-optical recording 
medium including two magnetic layers capable of four-valued 
15 recording on the basis of four combined magnetization 

states / in which an order of magnitudes of reproduction 
signals Gj to 84 from the four magnetization states, 
obtained upon detection at the wavelength X^, is different 
from that obtained upon detection at the wavelength Xj, 
20 wherein two-valued information on one of the magnetic 
layers is reproduced by using the light beam having the 
wavelength k^, and tMo-valued information on the other 
magnetic layer is reproduced by using the light beam having 
the wavelength X2. lin this embodiment, a two-valued signal 
25 converted into two- valued one by slicing, at a 

predetermined level, ;a reproduction signal including the 
four magnetization states detected at the wavelength may 
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be allowed to correspond to a two-valued magnetization 
state of one of the magnetic layers, and a two-valued 
signal converted into two-valued one by slicing, at a 
predetermined level, a reproduction signal including the 
5 four magnetization states detected at the wavelength may 
be allowed to correspond to a two-valued magnetization 
state of the other magnetic layer. 

Now the principle of the method for recording and 
reproduction according to the second aspect of the present 

10 invention will be explained with reference t:o Figs. 5 and 
6. Fig- 6 (a) illustrates recorded magnetization states of 
first and second magnetic layers of a magneto-optical disk 
produced in the second embodiment of the present invention. 
Four combined magnetization states of (tT)^ (ti)/ (It)/ 

15 (ii) exist on the magneto-optical recording medium based on 
combinations of magnetization directions on the first and 
second magnetic layers. The four combined magnetization 
states correspond to recorded four-valued recording 
signals, i.e., '•O**, '•I**, -2", -3" respectively. The four- 

20 valued signals have been recorded by applying external 

magnetic fields having intensities of HO, HI, H2, H3 to the 
magneto-optical recording medium respectively. In this 
method for recording and reproduction, information on the 
first magnetic layer and two-valued information recorded on 

25 the second magnetic layer can be independently determined 
by using the reproducing light beam at Jc^ = 443 nm and the 
reproducing light beam at = 780 nm respectively. The 
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magneto-optical recojrding medium used for the method for 
recording and reprodliiction according to the present 
invention has a chartacteristic , as shown in Fig. 5, that a 
curve, which represents variation in the apparent Kerr 
5 rotation angle with Respect to the wavelength concerning 
one magnetization st^te (determined by magnetization states 
of the two magnetic layers), intersects a curve which 
represents variation in the apparent Kerr rotation angle 
with respect to the Wavelength concerning another 
10 magnetization state, in a range of the two reproducing 
wavelengths and (a curve for the state "0- and a 
curve for the state f3- in Fig. 5). This characteristic 
can be specifically Achieved by adjusting optical lengths 
(thicknesses and refractive indexes) of the first 
15 dielectric layer and the plurality of magnetic layers with 
respect to the reproducing wavelengths and Xj. Figs. 6 
(b) and (c) illustrate relative signal outputs concerning 
the respective magnetization states reproduced by using the 
light beams at Xj andi Xj. As for this medium, the level 
20 (apparent Kerr rotation angle) of the reproduction signal 
concerning the state "0" intersects that concerning the 
state -3" in the vicinity of 630 nm (Fig. 5). Accordingly, 
the order of magnitudes of reproduction signals for the 
states "0" and "3" isi different between Xj = 780 nm and X^ 
25 = 443 nm. Namely, the signal output decreases in an order 
of "2", "3", "0", "l-r upon reproduction with the 
reproducing light beam at Xj = 443 nm, while the signal 
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output decreases in an order of "2**/ "0", "3", "i" upon 
reproduction with the reproducing light beam at = 780 
nm. Now when the reproduction signal is sliced at an 
intermediate level of the reproduction signal output at 
5 = 443 nm shown in Fig. 6 (b), then it is possible to 

distinguish a set of the two states of "2" and -3" from a 
set of the two states of "0" and "1". According to 
inspection of the magnetization states of the two sets of 
the states, it is recognizable that the set of the two 
10 states of -2" and -3" and the set of the two states of "0" 
and -1- can be distinguished into two-valued information on 
the basis of the magnetization state of the first magnetic 
layer. Namely, both of the states "2" and "3** provide a 
magnetization state i of the first magnetic layer, while 
15 both of the states "0" and -1- provide a magnetization 
state t of the first magnetic layer. Therefore, a two- 
valued signal, obtained by slicing the reproduction signal 
at the intermediate level of the reproduction signal output 
at = 443 nm, may be allowed to correspond to the two- 
20 valued magnetization state of the first magnetic layer. On 
the other hand, when the reproduction signal is sliced at 
an intermediate level of the reproduction signal output at 
Xj = 780 nm shown in Fig. 6 (c), then a set of the two 
states of "2" and ^'O" is distinguished from a set of the 
25 two states of '•3" and -1", and they can be recognized by 
using two-valued information. According to inspection of 
the magnetization states of the set of the states "2" and 
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"0" and the set of states "3" and "1", both of the 
magnetization states; of the second magnetic layer are t in 
the former set, whiUe both of the magnetization states of 
the second magnetic jlayer are i in the latter set* 
5 Therefore, a two-valued signal, obtained by slicing the 
reproduction signal at the intermediate level of the 
reproduction signal output at = 780 nm, may be allowed 
to correspond to thei two-valued magnetization state of the 
second magnetic layer. Therefore, the use of the magneto- 
10 optical recording medium provided with the reproduction 

signal characteristic as shown in Figs. 6 (b) and (c) makes 
it possible to independently reproduce two- valued 
information recorded on the first magnetic layer and two- 
valued information recorded on the second magnetic layer by 
15 selecting the wavelength or of the reproducing light 
beam. In this embodiment, it is unnecessary for a focal 
point of an irradiating laser beam to be adjusted at a 
magnetic layer intended to perform reproduction thereon. 

The reproducing wavelength is not specifically limited 
20 in the method for recording and reproduction on the 

magneto-optical recording medium of the present invention. 
However, the reproducing wavelength is preferably X^ = 350 
to 900 nm because it lis within a wavelength region capable 
of emission by using icurrently available various laser 
25 apparatuses or capable of emission by using a combination 
with an SHG (secondary higher harmonic wave generation) 
device. The reproducing wavelength Xj is desirably 
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different in wavelength from by not less than 50 nm in 
order to separate pieces of information on the respective 
magnetic layers at a high S/N ratio. In the method for 
recording and reproduction described above, the light beams 
5 at Xi and Xj can be radiated so that they are collected at 
different portions of a recording area on the magneto- 
optical recording medium. 

In the method for recording and reproduction according 
to the second aspect described above, the light beam having 

10 the wavelength or Xj is radiated to reproduce 

information recorded on one of the magnetic layers 
( recording layers ) , while recording is performed by 
combining the reproduced information with information to be 
recorded on another of the magnetic layers so that only 

15 information on the another of the magnetic layers may be 

rewritten in a virtual manner. In the method for recording 
and reproduction according to the second aspect of the 
present invention, information recorded on each of the 
magnetic layers can be independently reproduced by using a 

20 different wavelength for each of the magnetic layers. 

Therefore, when only one magnetic layer is subjected to 
rewriting, then information on another magnetic layer not 
subjected to rewriting is previously reproduced by allowing 
a reproducing light beam to precede a recording light beam 

25 in order to perform scanning on a recording track, and a 

magnetic field modulation signal is foanned by combining the 
reproduced information with information to be recorded on 
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the magnetic layer sbbjected to rewriting so that the two 
magnetic layers are heated by the recording light beam to 
perform recording while applying a magnetic field in 
conformity with the inodulation signal. Thus only one 
5 magnetic layer is consequently subjected to rewriting. 

According to a third aspect of the present invention, 
there is provided a *iagneto-optical recording medium to be 
used for the method for recording and reproduction 
according to the fir^t aspect of the present invention, 
10 including a plurality of magnetic layers on a substrate, on 
which multi-valued ii^iformation is recorded on the basis of 
a combination of magnetization states of the plurality of 
the magnetic layers, characterized in that: 

a ratio of magnitudes of Kerr rotation angles read 
15 from a plurality of magnetization states determined by the 
combination of the magnetization states, obtained upon 
reproduction by using a light beam having a wavelength Xj, 
is mutually dif ferent^ from that obtained upon reproduction 
by using a light beam having a wavelength Xj- 
20 It is preferred in the magneto-optical recording 

medium described abovle that optical path lengths of layers 
for constructing the jmagneto-optical recording medium are 
adjusted so that the [ratio of magnitudes of Kerr rotation 
angles read from a plurality of magnetization states 
25 determined by the combination of the magnetization states, 
obtained upon reproduction by using the light beam having 
the wavelength X^, is mutually different from that obtained 
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upon reproduction by using the light beam having the 
wavelength Xj. 

According to a fourth aspect of the present invention, 
there is provided a magneto-optical recording medium to be 
5 used for the method for recording and reproduction 

according to the second aspect of the present invention, 
including a plurality of magnetic layers on a substrate, on 
which multi-valued information or a plurality of two-valued 
information arrays are recorded on the basis of a 
10 combination of magnetization states of the plurality of the 
magnetic layers, characterized in that: 

magnitudes of Kerr rotation angles read from a 
plurality of magnetization states determined by the 
combination of the magnetization states differ depending on 
15 a wavelength of a reproducing light beam respectively; and 
the magneto-optical recording medium has a magneto- 
optical characteristic that a curve, which represents 
variation in the Kerr rotation angle with respect to the 
wavelength of the reproducing light beam detected from one 
20 combined magnetization state, intersects a curve which 
represents variation in the Kerr rotation angle with 
respect to the wavelength of the reproducing light beam 
detected from at least one of other combined magnetization 
states, in a wavelength range of to X2 of the wavelength 
25 of the reproducing light beam. 

It is preferred in the magneto-optical recording 
medium described above that the magneto-optical recording 
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medium includes at least: one dielectric layer and the 
plurality of the magnetic layers on a substrate, and 
optical path length^ of the at least one dielectric layer 
and the plurality oi the magnetic layers are adjusted so 
5 that the magneto-optiical recording medium has the magneto- 
optical characteristlic that the curve, which represents 

variation in the Keiir rotation angle with respect to the 

I 

wavelength of the reproducing light beam detected from one 
combined magnetization state, intersects the curve which 

10 represents variation! in the Kerr rotation angle with 

respect to the waveljength of the reproducing light beam 
detected from at least one of other combined magnetization 
states, in the wavelength range of to of the 
wavelength of the rejproducing light beam. 

15 The magneto-optiical recording medium according to the 

present invention may typically comprise a first dielectric 

layer, a first magnetic layer (recording layer), a second 

I 

dielectric layer, a second magnetic layer (recording 
layer), an auxiliary i magnetic layer, a third dielectric 

20 layer, a metallic reflective layer, and a protective layer, 
the layers being successively stacked on a transparent 
substrate- The structure as described above is preferred 
for magnetic field modulation recording* However, the 
present invention is i not limited thereto. It is allowable 

25 to adopt various structures in conformity with recording 
systems . ' 

The first dieledtric layer is provided as a layer for 
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making multiple interference of the reproducing light beam, 
and increasing the apparent Kerr rotation angle,, and it is 
generally formed of an inorganic dielectric material having 
a refractive index larger than that of the transparent 
5 substrate* Those preferred for the first dielectric layer 
include, for example, oxides or nitrides of silicon, 
aluminum, zirconium, titanium, and tantalum, and those 
especially preferred include SiN. It is important for the 
magneto-optical recording medium of the present invention 

10 to have the features defined in the third and fourth 

aspects of the present invention by controlling the optical 
length of the first dielectric layer, i.e., the refractive 
index and the thickness of the first dielectric layer. 
When the first dielectric layer is composed of SiN, it 

15 preferably has an refractive index of 1.90 to 2.40. The 
first dielectric layer composed of SiN having the 
refractive index as described above can be obtained by 
adjusting a mixing ratio of sputtering atmosphere gases in 
conformity with a composition of SiN, upon production of 

20 SiN by means of a dry process such as a sputtering method. 
The first dielectric layer preferably has a thickness of 
400 to 1,100 A (angstroms). 

The magnetic layer of the magneto-optical recording 
medium of the present invention may be composed of an 

25 amorphous vertically magnetizable film comprising an alloy 
of a rare earth metal-transition metal system. Especially, 
when recording is performed in accordance with the magnetic 
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field modulation sysitem, the magnetic layer is preferably 
composed of a materijal represented by the following general 
formula: 

( ^*^ioo.aQa ) x^^ioo-^-t-zCoyMx 
5 wherein : 

15 atomic % ^ X 40 atomic %; 
5 atomic % ^ Y s 20 atomic %; 
0 atomic % ^ 2s 15 atomic %; 
0 atomic % s A s 30 atomic %; 
10 wherein M is at leasjt one of elements selected from the 
group consisting of kb, Cr, Pt, Ti, and Al, and Q is at 
least one of elements selected from the group consisting of 
6d^ Nd, and Oy« 

When the recording layer comprises two magnetic 
15 layers, both of the first and second magnetic layers may be 
composed of the alloy of the rare earth metal-transition 
metal system having the composition described above. The 
first magnetic layer preferably has a thickness of 20 to 
200 A (angstroms), and the second magnetic layer preferably 
20 has a thickness of SQ to 500 A (angstroms) • The first and 
second magnetic layej|:s may have various combinations of 
their Curie temperattires and thicknesses. However, the 
first and second magnetic layers preferably have their 
Curie temperatures which are approximate to one another as 
25 close as possible in order to provide a uniform size of 
magnetic domains recorded on each of the layers. It is 
preferred that the difference in Curie temperature between 
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the respective layers is within 30 °C. It is optimum that 
the respective layers have an equal Curie temperature, it 
is also possible to form a film obtained by stacking three 
or more magnetic layers . 
5 The auxiliary magnetic layer is added to the magnetic 

layer which is in charge of recording so that the auxiliary 
magnetic layer serves to control an external condition 
under which recording (i^e., inversion of magnetization) 
occurs on the magnetic layer. The auxiliary magnetic layer 

10 is provided, for example, for controlling a region of an 
external magnetic field to generate a magnetization state 
of each of the directions ( t or i ) during recording so that 
a combination of magnetization states to be generated on 
each of the stacked magnetic layers which are in charge of 

15 recording is generated under a mutually different recording 
condition. The auxiliary magnetic layer may be composed 
of, for example, an amorphous vertically magnetizable film 
of a rare eairth-transition metal system, an alloy thin film 
composed of at least one of elements selected from the 

20 group consisting of noble metals such as Ft, Al, Ag, Au, 

Cu, and Rh, and at least one of elements selected from the 
group consisting of transition metals such as Fe, Co, and 
Ni, or a film composed of a simple substance of a 
transition metal such as Fe, Co, and Ni or an alloy film 

25 thereof. The auxiliary magnetic layer may have a thickness 
of 5 to 1,500 A (angstroms). 

The metallic reflective layer reflects the reproducing 
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light beam having passed through the respective layers to 
return the light beam toward the transparent substrate so 
that the apparent Kerr rotation angle may be increased 
owing to the Faraday effect exerted during transmission 
5 through the magnetic layer. The metallic reflective layer 
is preferably composed of an alloy comprising at least one 
of metal elements selected from the group consisting of Al, 
Ag, Au, Cxx, and Be and at least one of metal elements 
selected from the group consisting of Cr, Ti, Ta^ Sn, Si, 
10 Pe, Nb, Mo, Li, Mg, W, and Zr. 

The second and third dielectric layers make multiple 
interference of the reproducing light beam having passed 
through the respective layers so that the Kerr rotation 
angle may be increased, in the same manner as described for 
15 the first dielectric layer. The second and third 

dielectric layers may be composed of the group of materials 
which may be used to construct the first dielectric layer. 
In addition, the respective dielectric layers and the 
metallic reflective layer also serve as heat control layers 
20 to obtain an appropriate recording power sensitivity or an 
appropriate recording power margin, and they also serve to 
protect the recording layer from chemical shock. The 
second and third dielectric layers and the metallic 
reflective layer are optional layers, which may be omitted. 
25 The transparent substrate used herein is composed of a 

transparent resin material including, for example, 
polycarbonate, polymethyl methacrylate, and epoxy, on which 
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a preformat pattern is formed. 

The protective layer is an uppermost layer, which may 
be composed of, for example, an ultraviolet-curable resin. 
The magneto-optical recording medium having the structure 
5 as described above is preferably produced by a dry process 
such as sputtering and vapor deposition. 

The thickness of each of the first to third dielectric 
layers, the first and second magnetic layers, and the 
auxiliary magnetic layer included in the magneto-optical 

10 recording medium of the present invention is appropriately 
adjusted in accordance with the way of change of the 
apparent Kerr rotation angle depending on the reproducing 
wavelength, the apparent Kerr rotation angle being obtained 
on the basis of a plurality of the magnetization states 

15 determined by the combination of magnetization states of 
each of the magnetic layers. Specifically, the thickness 
of each of the layers is adjusted so that the ratio and/or 
the order of magnitudes of apparent Kerr rotation angles 
obtained on the basis of a plurality of combined 

20 magnetization states is different between the selected two 
reproducing wavelengths • 

Brief Description of Drawings 

25 Fig. 1 shows an outline of a cross-sectional structure 

of a magneto-optical disk of the present invention produced 
in the first embodiment, illustrating a state in which the 
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disk is irradiated with two reproducing light beams having 
different wavelengths 

Fig- 2 shows a graph illustrating wavelength- 
dependency of the apparent Kerr rotation angle concerning 
5 four magnetization states determined by the combination of 
magnetization states of two magnetic layers of the magneto- 
optical disk obtained in the first embodiment. 

Fig. 3 shows a graph illustrating relative signal 
outputs concerning the four states determined by the 

10 combination of magnetization states of two magnetic layers 
of the magneto-optical disk obtained in the first 
embodiment. Fig. 3 (a) shows recorded magnetization states 
on the two magnetic layers. Fig. 3 (b) shows relative 
signal outputs from the four states when reproduction is 

15 perfoincied by using a reproducing light beam at Xi = 443 nm, 
and Fig. 3 (c) shows relative signal outputs from the four 
states when reproduction is performed by using a 
reproducing light beam at = 780 nm. 

Fig. 4 shows an outline of a cross-sectional structure 

20 of a magneto-optical disk of the present invention produced 
in the second embodiment, illustrating a state in which the 
disk is irradiated with two reproducing light beams having 
different wavelengths X^ and X2. 

Fig. 5 shows a graph illustrating wavelength- 

25 dependency of the apparent Kerr rotation angle concerning 
four magnetization states determined by the combination of 
magnetization states of two magnetic layers of the magneto- 
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optical disk obtained In the second embodiment. 

Fig. 6 shows a graph illustrating relative signal 
outputs concerning the four states determined by the 
combination of magnetization states of two magnetic layers 
5 of the magneto-optical disk obtained in the second 

embodiment. Pig. 6 (a) shows recorded magnetization states 
on the two magnetic layers r Fig. 6 (b) shows relative 
signal outputs from the four states when reproduction is 
performed by using a reproducing light beam at — 443 nm, 

10 and Fig. 6 (c) shows relative signal outputs from the four 
states when reproduction is performed by using a 
reproducing light beam at = 780 nm. 

Pig. 7 shows a graph illustrating hysteresis which 
represents the relationship between the magnetic field 

15 applied to the magneto-optical disk obtained in the first 
embodiment and the Kerr rotation angle detected by using a 
measuring light beam at = 443 nm. 

Fig. 8 shows an outline of a recording method in 
accordance with the magnetic field modulation system used 

20 in the fourth embodiment. Fig. 8 (a) shows two-valued 

signal arrays to be recorded. Pig. 8 (b) shows a combined 
signal thereof. Pig. 8 (c) shows a process for synthesizing 
a modulated signal to be inputted into a magnetic coil from 
the combined signal shown in Fig. 8 (b). Fig. 8 (d) shows 

25 an external magnetic field to be applied to the magneto- 
optical disk. Fig. 8 (e) shows a light pulse array radiated 
under the external magnetic field shown in Fig. 8 (d), and 
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Fig. 8 (f ) shows a magnetic domain array formed by 
recording • 

Fig. 9 shows a state in which information on the first 
layer is reproduced by using a reproducing light beam at 
5 Ki, while the first and second layers are subjected to 
recording by using a recording light beam at in a 
recording method described in the seventh embodiment. 

Pig. 10 shows magnetization states of the first and 
second magnetic layers before and after information on the 

10 second magnetic layer is rewritten in the recording method 
described in the seventh embodiment. Fig. 10 (a) shows a 
domain array of recording marks having been recorded. Fig. 
10 (b) shows magnetization states and two-valued 
information on the first and second magnetic layers before 

15 the second magnetic layer is subjected to rewriting. Fig. 
10 (c) shows recording signals used for rewriting. Fig. 10 
(d) shows a modulated magnetic field to be applied in 
accordance with the magnetic field modulation system, and 
Fig. 10 (e) shows magnetization states and two-valued 

20 information on the first and second magnetic layers after 
rewriting is performed. 

Fig. 11 shows positions irradiated with a reproducing 
light beam at the wavelength Xj and a recording light beam 
at the wavelength Xj in the recording method described in 

25 the seventh embodiment. 

Fig. 12 shows other positions irradiated with a 
reproducing light beam at the wavelength and a recording 
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light beam at the wavelength in the recording method 
described in the seventh embodiment. 

Fig. 13 shows a graph illustrating relative signal 
outputs concerning the four states determined by the 
5 combination of magnetization states of two magnetic layers 
of the magneto-optical disk obtained in the third 
embodiment. Pig. 13 (a) shows recorded magnetization 
states on the two magnetic layers. Fig. 13 (b) shows 
relative signal outputs from the four states when 
10 reproduction is performed by using a reproducing light beam 
at Xj = 443 nm, and Fig. 13 (c) shows relative signal 
outputs from the four states when reproduction is performed 
by using a reproducing light beam at = 780 nm. 

Fig. 14 shows a process of reproduction of information 
15 recorded on the first and second magnetic layers in the 
reproduction method described in the fourth embodiment. 
Fig. 14 (a) shows two-valued information recorded on the 
first and second magnetic layers. Fig. 14 (b) shows 
recording domains. Fig. 14 (c) shows magnetization states 
20 and two-valued information recorded on the first and second 
magnetic layers. Fig. 14 (d) shows a signal reproduced by 
using a reproducing light beam at = 780 nm. Fig. 14 (e) 
shows a signal reproduced by using a reproducing light beam 
at Xi = 443 nm. Fig. 14 (f ) shows a two-valued signal 
25 obtained by slicing the signal shown in Fig. 14 (d) with 
SI, Fig. 14 (g) shows a two-valued signal obtained by 
slicing the signal shown in Fig. 14 (d) with S2, Fig. 14 
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(h) shows a two-valued signal obtained by slicing the 
signal shown in Fig. 14 (e) with S3, and Fig, 14 (i) shows 
a two-valued signal obtained by calculation in accordance 
with (g) - (h) + (f>. 
5 Pig. 15 shows a process of reproduction of information 

recorded on the first and second magnetic layers in the 
reproduction method described in the sixth embodiment. 
Fig. 15 (a) shows two-valued information recorded on the 
first and second magnetic layers / Fig. 15 (b) shows 
10 recording domains. Fig. 15 (c) shows magnetization states 

and two-valued information recorded on the first and second 
magnetic layers. Fig. 15 (d) shows a signal reproduced by 
using a reproducing light beam at = 780 nm. Fig. 15 (e) 
shows a signal reproduced by using a reproducing light beam 
15 atXi=443nm, Fig. 15 (f) shows a two- valued signal 

obtained by slicing the signal shown in Fig. 15 (d) with 
SI, Fig. 15 (g) shows a two-valued signal obtained by 
inverting the signal shown in Fig. 15 (f), and Fig. 15 (h) 
shows a two-valued signal obtained by slicing the signal 
20 shown in Fig. 15 (e) with S2. 

Fig. 16 shows a process of reproduction of a four- 
valued signal by using a reproducing light beam at a single 
wavelength. Fig. 16 (a) and (b) show the four- valued 
recording signal. Fig. 16 (c) shows a recording domain 
25 array, and Fig. 16 (d) shows a reproduced signal. 

Fig, 17 shows magnetic characteristics of respective 
recording layers of the magneto-optical recording medium of 
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the present invention, and the recording principle thereon. 
Fig. 17 (a) shows the signal level with respect to the 
external magnetic field concerning a magnetic layer (second 
recording layer) to which an auxiliary magnetic layer is 
5 added, and Fig. 17 (b) shows the signal level with respect 
to the external magnetic field concerning a first recording 
layer . 

Fig. 18 conceptually shows a cross-sectional structure 
of a magneto-optical disk of the present invention produced 
10 in an eighth embodiment. 

Fig. 19 shows a graph illustrating the change of the 
Kerr rotation angle depending on the measuring wavelength 
concerning a rare earth metal-transition metal alloy film 
and a garnet film used for magnetic layers of the magneto- 
15 optical disk produced in the eighth embodiment. 

Best Mode for Carrying Out the Invention 

Embodiments of the magneto-optical recording medium of 
20 the present invention and the method for recording and 

reproduction thereon will be explained in detail below with 
reference to the drawings. 

First Embodiment 
25 (First Embodiment of Magneto-optical Recording Medium) 

In this embodiment, a magneto-optical disk having two 
magnetic layers was produced, in which four-valued 
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recording of "0", "1"/ "2"/ "3" and reproduction thereof 
were possible on the basis of a magnitude of a magnetic 
field applied in accordance with the magnetic field 
modulation system* At first, a transparent substrate made 
5 of polycarbonate including a guide groove and a preformat 
signal formed thereon was produced by installing a stamper 
to an injection molding machine, and injection-molding a 
polycarbonate material. Rrespective layers were stacked on 
the obtained polycarbonate substrate by using a continuous 

10 sputtering apparatus provided with a plurality of 

sputtering film formation chambers. An argon gas or an 
argon/nitrogen mixed gas was used as an atmosphere gas for 
sputtering. The substrate was placed in a first film 
formation chamber. A first dielectric layer composed of 

15 SiN having a refractive index of 2-1 was formed as a film 
having a thickness of 100 nm on the substrate by using SiN 
as a sputtering target, and using an Ar/Ns mixed gas having 
a partial pressure of Nj of 10 % as a sputtering gas at a 
pressure of 0.3 Pa. Next, the substrate was transported to 

20 a second film formation chamber. A first magnetic layer 
having a composition of TbajFeeeCOio was formed as a film 
having a thickness of 15 nm under an Ar gas pressure of 0.3 
Pa by using a TbFeCo alloy as a target. Next, the 
substrate was transferred to a third film formation 

25 chamber. A second dielectric layer composed of SiN having 
a thickness of 10 nm on the magnetic layer was obtained by 
forming a film of SiN under the same sputtering condition 
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as that used in the formation of the first dielectric 
layer. Next, in a fourth film formation chamber^ a second 
magnetic layer having a composition of TbaiPeseCou was 
formed as a film having a thickness of 35 nm under an Ar 
5 gas pressure of 0.3 Pa by using a TbFeCo alloy as a target 
again. The substrate was transported to a fifth film 
formation chamber. An auxiliary magnetic layer composed of 
PtgoCOjo was formed as a film having a thickness of 50 nm by 
using a PtCo alloy as a sputtering target , and using an Ar 

10 gas as a sputtering gas at a pressure of 0.3 Pa. In a 
sixth film formation chamber, a third dielectric layer 
composed of Si having a thickness of 100 nm on the magnetic 
layer was obtained by forming a film of SiN under the same 
sputtering condition as that used in the formation of the 

15 first dielectric layer. The stacked polycarbonate 

substrate was taken out of the sputtering apparatus. A UV- 
curable protective resin was spin-coated on the uppermost 
layer of the substrate to form a protective film. 

As shown in Fig. 1, the magneto-optical disk thus 

20 obtained had a structure comprising the polycarbonate 

substrate 1 on which the first dielectric layer 2 composed 
of SiN, the first magnetic layer 3 composed of TbjjFegeCojo^ 
the second dielectric layer 4 composed of SiN, the second 
magnetic layer 5 composed of TbajFesgCOii, the auxiliary 

25 magnetic layer 6 composed of PtgoCOjo/ the third dielectric 
layer 7 composed of SiN, and the UV-curable protective 
resin 8 were stacked. Fig. 1 conceptually shows optical 
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paths of two laser beams having two different wavelengths 
ki and ^2 respectively radiated through a collective lens 
10 upon reproduction. 

In the obtained magneto-optical disk, the first 
5 magnetic layer had a TM-rich composition having a Curie 

temperature Tc of 230 "^C, and the second magnetic layer had 
a RE -rich composition having a Curie temperature Tc of 220 
**C* Both of the second and third dielectric layers had a 
refractive index of 2.1 which was the same as that of the 

10 first dielectric layer. 

The magneto-optical disk described above conforms a 
structure of a magneto-optical recording medium described 
by the present inventors in Japanese Patent Application 
laid-open No. 8-129,784 and K.Shimazaki, M.Yoshihiro, 

15 O.Ishizaki, S.Ohnuki^and N.Ohta, ''Magnetic multi-valued 
magneto-optical disk"/ Magneto-Optical Recording Int. 
Symp.1994/ Post Dead Line Paper /Thechnicai Digest, N0.27-S- 



01,p.4r 1994; Optical Data Storage, Technical Digest, 
pp. 59-60, 1994. The structure of a magneto-optical 

20 recording medium of this type will be briefly explained 
below with reference to Fig. 17/ in relation to the 
principle of multi-valued recording and reproduction. The 
magneto-optical recording medium shown in Fig. 17, which 
basically has a structure equivalent to that of the 

25 magneto-optical recording medium shown in Fig. 1, has at 
least two or more magnetic layers 3, 5 stacked on a 
substrate 1- At least one of the magnetic layers is formed 
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by using a magneto-optical recording film in which 
recording states lie in two or more different magnetic 
field regions with respect to external magnetic fields to 
be applied. The other magnetic layer or layers are formed 
5 by using a magneto-optical recording film in which at least 
one or more recording states lie in magnetic field region 
or regions different from those for the aforementioned 
magnetic layer. 

A second recording layer comprises the amorphous 

10 vertically magnetizable film 5 to which an auxiliary 

magnetic layer 6 provided adjacent thereto is added, the 
amorphous vertically magnetizable film 5 comprising an 
amorphous alloy of a rare earth metal-transition metal 
system in which the sub-lattice magnetic moment of rare 

15 earth metal is dominant in a temperature range from room 

temperature to Curie temperature, or in a temperature range 
from room temperature to a maximum achievable temperature 
upon recording or erasing. 

As for the auxiliary magnetic layer 6, the vertical 

20 magnetic anisotropic energy is equal to or smaller than 
that of form anisotropy depending on its composition. 
Accordingly, the magnetization can be directed to an intra- 
plane direction (direction parallel to a film plane of the 
auxiliary magnetic layer 6) before application of an 

25 external magnetic field. When the auxiliary magnetic layer 
6 thus adjusted is heated to a temperature in the vicinity 
of the Curie temperature, and an external magnetic field is 
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applied thereto^ then the direction of magnetization is 
raised from the intra-plane direction to generate a 
magnetic moment component in a direction of the external 
magnetic field, exerting a communication coupling force on 
5 the magnetic moment of transition metal in the amorphous 

vertically magnetizable layer 5 stacked in contact with the 
auxiliary magnetic layer 6, Therefore, the second 
recording layer, which is constructed by stacking the 
amorphous vertically magnetizable layer 5 and the auxiliary 
10 magnetic layer 6, provides two peaks for the change in 
recording signal level with respect to the external 
magnetic field as shown in Fig. 17 (a). 

The first recording layer 3 is constructed by using a 
magneto-optical recording film in which at least one or 
15 more recording states lie in magnetic field region or 

regions different from those for the second recording layer 
(5, 6). Therefore, the first recording layer can be 
constructed by using only one magnetic film in which one 
recording state lies in a magnetic field region different 
20 from those for the second recording layer (5, 6) as shown 
in Fig* 17 (b). Alternatively, the first recording layer 
to be used may be one comprising the same types of an 
amorphous vertically magnetizable film and an auxiliary 
magnetic film as those of the second recording layer (5, 
25 6), in which two recording states lie in magnetic field 

regions different from those for the second recording layer 
(5, 6). 
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Magnetization states as shown in Fig. 3 (a) and Pig. 6 
(a) can be formed in conformity with an external magnetic 
field to be applied during recording on the basis of a 
recording method described in the fourth embodiment by 
5 using the magneto-optical recording medium constructed to 
have the recording magnetic field characteristic as 
described above. 

The magneto-optical disk obtained in this embodiment 
is applicable to a reproducing method described later on, 

10 in which multi-valued information can be reproduced by 

using two light beams having different wavelengths of \^ = 
443 nm and = 780 nm. By using the reproduction 
principle as explained in the section of the explanation 
for the method for recording and reproduction according to 

15 the first aspect of the present invention, a reproduction 
signal is separated into two- valued (binary) values 
concerning states "O" or and •*2'* or •*3- with a 

reproducing light beam at Xi, and two two-valued signal 
arrays concerning "0- or -3- and ••1" and "2" are obtained 

20 with a reproducing light beam at Xj. After that, these 

two-valued signals are subjected to logical operation, and 
thus recorded four-valued information can be reproduced at 
a high S/N ratio. 

Fig. 7 shows a Kerr hysteresis curve which illustrates 

25 the change of the Kerr rotation angle with respect to the 
intensity of an external magnetic field applied to the 
recording film of the magneto-optical disk. In Fig. 7, the 



36 



wo 97/03439 



PCT/JP96/01938 



wavelength of a light beam used for the measurement is = 
443 nm. Kerr rotation angles for the respective states of 
"0% "1", "2", -3" when the external magnetic field is zero 
indicate apparent remaining Kerr rotation angles. Signals 
5 corresponding to the remaining Kerr rotation angles are 

obtained upon reproduction. The curve, which expresses the 
magnitude of the Kerr rotation angle in each of the 
magnetization states with respect to the reproducing 
wavelength in Fig. 2 used to explain the principle of the 
10 reproducing method, is depicted by preparing Kerr 

hysteresis curves as shown in Fig. 7 with reproducing light 
beams having various wavelengths, and using obtained data 
therefrom. 

15 Second Embodiment 

(Second Embodiment of Magneto-optical Recording Medium) 
In this embodiment, a magneto-optical disk was 
produced in the same manner as described in the first 
embodiment except that the first dielectric layer composed 

20 of SiN had a thickness of 60 nm, the first magnetic layer 
composed of Tb22Fe5eCOio had a thickness of 7 nm^ the second 
dielectric layer composed of SiN had a thickness of 7 nm, 
and the second magnetic layer composed of TbaiFesgCo^j had a 
thickness of 40 nm so that the state of multiple 

25 interference was adjusted. - The refractive index of SiN was 
controlled to be 2.25 by allowing Nj in the Ar/Nj mixed gas 
to have a partial pressure of 5 % during sputtering for the 
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SiN layer. A cross -sectional structure of the obtained 
magneto-optical disk is shown in Fig. 4. 

The magneto-optical disk obtained in this embodiment 
is applicable to the reproducing method described later on 
5 (fifth embodiment) so that information can be reproduced 
independently from each of the magnetic layers by using two 
light beams having different wavelengths. By using the 
reproduction principle as explained in the section of the 
explanation for the method for recording and reproduction 

10 according to the second aspect of the present invention, it 
is possible to independently reproduce a two-valued 
magnetization state of the first magnetic layer by 
employing a reproducing light beam at = 443 nm, and a 
two-valued magnetization state of the second magnetic layer 

15 by employing a reproducing light beam at = 780 nm 
respectively . 

Third Embodiment 
(Third Embodiment of Magneto-optical Recording Medium) 

20 A magneto-optical disk was produced in the same manner 

as the magneto-optical disk described in the second 
embodiment except that the magnetic layer composed of 
TbaiFeseCOii having the RE-rich composition used in the 
second embodiment was used for both of the first and second 

25 magnetic layers. A four-valued sample signal was recorded 
on this magneto-optical disk by applying a magnetic field 
having four levels of intensities. Figs. 13 (b) and (c) 
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show relationships among the relative reproduction output, 
the external magnetic field intensity, and the recorded 
magnetization states upon reproduction performed at = 
443 nm and K2 = 780 nm respectively. in the case of 
5 reproduction by using a reproducing light beam at X2 = 780 
im, the signal amplitude decreases in an order of the 
states "3**/ "2", "O". However, in the case of 

reproduction by using a reproducing light beam at = 443 
nm, the signal amplitude decreases in an order of the 
10 states "3-, "2", "1", "O", Such a difference in the order 
of magnitudes of reproduction signals between the states 
makes it possible to carxry out the methods for recording 
and reproduction as described in the sixth and seventh 
embodiments . 

15 

Fourth Embodiment 
(First Method for Recording on 
Magneto-optical Recording Medium) 
In this embodiment, a four-valued signal was recorded 
20 in accordance with magnetic field modulation on the 

magneto-optical disk obtained in the first embodiment by 
applying an external magnetic field modulated into four 
levels in conformity with the recording signal while the 
magneto-optical disk was irradiated with a recording laser 
25 beam modulated into a pulse form at a clock period. At 
first, the magneto-optical disk shown in Fig. 1 was 
installed to a medium driving unit such as a turn table. 



39 



wo 97/03439 



PCT/JP96/01938 



An optical head was disposed on a side of the substrate 1, 
and a magnetic head was disposed on a side of the 
protective film 7. The medium driving unit was started up. 
The magneto-optical disk was rotated at a linear velocity 
5 of 7.54 m/s with respect to the optical head and the 

magnetic head, and the optical head and the magnetic head 
were positioned for a predetermined track subjected to 
recording. After that, a recording signal as shown in Fig. 
8 (a) was recorded- A light beam at X = 780 nm radiated 
10 from a semiconductor laser was used as a recording laser 
beam, and the recording power was adjusted to be 9.5 mw to 
perform recording. 2-Bit signals shown in upper and lower 
rows in Fig. 8 (a) indicate signals to be recorded on the 
first and second magnetic layers of the magneto-optical 
15 disk respectively. Four-valued information was recorded by 
using a combination of the signals depicted in the upper 
and lower rows in Fig. 8 (a). Every one piece of 
information on the two rows was combined one by one to 
provide one signal array as shown in Fig. 8 (b) . This 
20 signal array was subjected to processing in accordance with 
timing charts shown in Fig. 8 (c) to obtain a signal array 
as shown in the lowermost row in Fig. 8 (c). The obtained 
signal was inputted into the magnetic head in 
synchronization with a recording clock. Thus four levels 
25 of magnetic fields of Hq to H3 as shown in Fig. 8 (d) were 
applied from the magnetic head to the magneto-optical disk. 
After switching the external magnetic field into a 
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predetermined value, a light pulse as shown in Fig. 8 (e) 
was radiated from the optical head so that a light pulse- 
irradiated portion of each of the magnetic layers was 
heated to a temperature at which magnetization could be 
5 inverted by the external magnetic field- As a result of 
the operation as described above, four magnetization states 
based on the combination of magnetization states of the 
first and second magnetic layers were formed on each of the 
light pulse- irradiated portions in conformity with the 

10 magnitude of the external magnetic field. A pattern of 

formed magnetic domains is shown in Fig. 8 (f). The four 
magnetization states are distinguished by motifs affixed to 
circular marks. Recording based on the four magnetization 
states can be also performed on the magneto-optical 

15 recording media obtained in the second and third embodiment 
in accordance with the same operation as described above. 

Signal modulation for the magnetic field intensity can 
be performed by using a system and a signal modulation 
circuit described in Japanese Patent Application Iiaid -Open 

20 No. 8-129,784 described above. Namely, in the signal 

modulation circuit, the recording signal is separated into 
even number bit and odd number bit, followed by waveform 
processing such as timing adjustment and adjustment for 
pulse length. After that, the even number bit and the odd 

25 number bit are amplified by using amplifiers having 

different gains respectively, and obtained results are 
added. Subsequently, the added signal is subjected to 
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voltage^current conversion by using a magnetic head driving 
circuit. Thus the external magnetic field is applied from 
the magnetic head. Alternatively, another signal 
modulation circuit may be used. Namely, the recording 
5 signal is separated into even number bit and odd number 
bit, followed by waveform processing such as timing 
adjustment and adjustment for pulse length. After that, 
the even number bit and the odd number bit are amplified by 
using amplifiers having an identical gain respectively. 
10 Subsequently, each of the amplified signals is subjected to 
voltage-current conversion by using different magnetic head 
driving circuits. Thus the external magnetic field is 
applied from a magnetic head having a plurality of coils. 
It is of course possible to use other magnetic field 
15 generating units such as an electromagnetic coil instead of 
the magnetic head. Further alternatively, two magnetic 
heads each having one coil are closely arranged so that the 
external magnetic field is applied from each of the 
magnetic heads. 
20 In the signal recording in accordance with the 

magnetic field intensity modulation system described above, 
the laser beam may be radiated at a constant intensity, or 
it may be radiated periodically or in a pulse form. 

25 Fifth Embodiment 

(First Method for Reproduction on 
Magneto-optical Recording Medium) 
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Next, a method for reproduction on the magneto-optical 



disk suiDjected to the four- valued recording in the fourth 
embodiment will be explained. Fig. 16 schematically shows 
a signal recorded on a magnet:o*-opt:ical recording medium 
5 having two magnetic layers disclosed by the present 

applicant in Japanese Patent Application laid-open No. 8- 
129^784 and K.Shimazaki, M.Yoshihiro, O.Ishizaki, 
S.Ohnuki^and N.Ohta, ^Magnetic mult i- valued magneto-optical 
disk*'^ Magneto-Optical Recording Int. Symp-1994r Post Dead 



10 Line Paper ] Thechnical] Digest, No. 2 7 -S- 01, p. 4, 1994; Optical 



Data Storage, Technical Digest, pp. 59-60, 1994, and a 
reproduction system therefor. In this system, an array of 
a four- valued recording signal as shown in Fig. 16 (a) and 
(b) is recorded in accordance with the recording method as 

15 described above to form recording magnetic domains 

distinguished by four of motifs as shown in Fig. 16 (c). 
In this technique, a conabination of a st:acking structure of 
the medium and a wavelength of a laser beam is selected so 
that the spacing between magnitudes of Kerr rotation angles 

20 corresponding to four magnetization states is equalized. 
When information is reproduced from the recording medium, 
an apparent Kerr rotation angle corresponding to a 
combination of magnetization of the two magnetic layers is 
detected. A detected signal is sliced by using levels of 

25 SI to S3 to obtain three two- valued signals. The four- 
valued recorded signal is reproduced from the obtained two- 
valued signals. In this method, the maximum amplitude of 
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the reproduction signal is equally divided into three to 
make distribution of regions for the respective signal 
levels. Accordingly, the S/N ratio is low. m the present 
invention, the S/N ratio as obtained in the preceding 
5 technique described above is improved by performing 

reproduction by using the magneto-optical recording medium 
of the present invention, and using laser beams having 
different wavelengths. 

An example, in which four- valued information recorded 

10 on the magneto-optical disk of the present invention 

obtained in the first embodiment was reproduced, will be 
explained with reference to Fig. 14. Two-valued 
information composed of two series as illustrated in Fig. 
14 (a) was recorded in accordance with the recording method 

15 described in the fourth embodiment. Information 

illustrated on the first row in Fig. 14 (a) was recorded on 
the second magnetic layer. Information illustrated on the 
second row in Fig. 14 (a) was recorded on the first 
magnetic layer. Magnetization states of the respective 

20 magnetic layers subjected to recording are shown in Fig. 14 
(c), and recording marks corresponding to these states are 
shown in Fig. 14 (b). The magneto-optical disk on which 
such information was recorded was subjected to reproduction 
by using two laser beams having different wavelengths of 

25 = 443 nm and = 780 nm. An He-Cd laser was used as a 
laser source for the wavelength X^, and a semiconductor 
laser was used as a laser source for the wavelength Xj. 
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This recording medium has a signal output characteristic 
corresponding to each of the magnetization states as shown 
in Fig. 3 (b) with respect to the reproducing wavelength of 
= 443 nm. On the other hand, it has a signal output 
5 characteristic corresponding to each of the magnetization 
states as shown in Fig. 3 (c) with respect to the 
reproducing wavelength of Xj = 780 nm. Fig. 2 shows 
dependency of the apparent Kerr angle (relative signal 
output) on the reproducing wavelength in a range of 
10 wavelength of 443 nm to about 900 nm. a reproduction 

signal reproduced from this recording medium by using the 
reproducing light beam at = 780 nm is shown in Fig. 14 
(d). It is assumed that the output level of the 
reproduction signal from a magnetization state (tl) is 0, 
15 and the output level of the reproduction signal from a 

state (it) is 6. The reproduction outputs from states (ft) 
and Hi) are approximately at a level 3 which generally 
divides the spacing between the levels 0 and 6 into two. 
The spacing between the levels 6 and 3 corresponds to the 
20 difference A in the apparent Kerr rotation angle in Fig. 2, 
and the spacing between the reproduction output levels 0 
and 3 corresponds to the difference B in the apparent Kerr 
rotation angle in Fig. 2. Namely, it is recognizable that 
the three states can be distinguished by the relatively 
25 large difference in signal amplitude by using the 

reproducing light beam at = 780 nm. An output for the 
reproducing light beam at = 443 nm is shown in Fig. 14 
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(e). As for levels detected from the four magnetization 
states, it is assumed that the state (4t} is at a level 4, 
and the state ( f 4 ) is at a level 0 . The output level of 
the reproduction signal from the state (ii) is extremely 
5 close to the level of the state (4t)* The output level of 
the reproduction signal from the state (tt) is extremely 
close to the 0 level reproduced from the state { 1 1 ) • The 
difference between the reproduction output levels of 0 and 
4 corresponds to the difference C in the apparent Kerr 

10 rotation angle in Fig. 2. Therefore, it is recognizable 
that the two states can be distinguished by the large 
difference in signal amplitude by using the output for the 
reproducing light beam at = 443 nm. 

Next, the reproduction signal obtained by using the 

15 reproducing light beam at = 780 nm is sliced by using 
slice levels of SI and S2 as shown in Fig* 14 (d)* Thus 
two-valued signal series (designated as (1) and (2) 
respectively) as shown in Fig. 14 (f ) and (g) are obtained. 
The reproduction signal obtained by using the reproducing 

20 light beam at = 443 nm is sliced by using a slice level 
of S3 as shown in Fig. 14 (e). Thus a two-valued signal 
array (designated as (3)) as shown in Fig. 14 (h) is 
obtained. A logical operation for the signal series (2) - 
(3) + (1) is performed to obtain a two-valued signal array 

25 which is inverted to obtain a signal array as shown in Fig. 
14 (i). Thus the recorded signal array on the first row 
can be reproduced. The recorded signal array on the second 
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row can be reproduced by the signal array shown in Fig. 14 
(h), namely the signal array of (3) itself. Therefore^ the 
recorded signals on the first and second rows can be 
separated I and the four-valued signal composed of the two- 
5 valued signals represented by the two arrays can be 
reproduced at a more excellent S/N ratio as well. 

In the embodiment described above, an identical 
position on the traclc on the magneto-optical disk is 
irradiated with the two reproducing laser beams having the 

10 different wavelengths. However, radiation may be performed 
so that different light-collecting positions are provided 
for the two laser beams. Such a procedure may be dealt 
with by adjusting a reproducing circuit so that the 
difference in time caused by a distance between two laser 

15 spots is compensated* 

Sixth Embodiment 
(Second Method for Reproduction on 
Magneto-optical Recording Medium) 
20 In this embodiment, a reproducing method different 

from the reproducing method described in the fifth 
embodiment will be explained. The magneto-optical disk 
produced in the second embodiment was used as a recording 
medium. As shown in Fig. 5, the magneto-optical disk 
25 produced in the second embodiment has the following 

magneto-optical characteristic. Namely, a curve, which 
represents variation in the apparent Kerr rotation angle 
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With respect to the wavelength as detected from one 
combined magnetization state (determined by two magnetic 
layers), intersects a curve which represents variation in 
the apparent Kerr rotation angle with respect to the 
5 wavelength as detected from another combined magnetization 
state, in a range between two reproducing wavelengths 
and Xj. At first, two series of two- valued information as 
shown in upper and lower rows in Fig. 15 (a) were recorded 
in accordance with the same method as the recording method 

10 used in the first embodiment. Recorded domains are shown 
in Fig. 15 (b). Each of the domains is distinguished by 
motifs affixed to circular marks in conformity with the 
difference in the combined magnetization state between the 
two magnetic layers. Fig. 15 (c) shows two-valued signals 

15 and magnetization states recorded on each of the magnetic 
layers. The two-valued signals recorded on the two layers 
as described above were reproduced by using two laser beams 
having different wavelengths of Xj - 443 nm and = 780 
nm. Fig. 15 (d) shows a signal waveform obtained by 

20 reproduction with the reproducing light beam at = 780 
nm. Fig. 15 (e) shows a signal waveform obtained by 
reproduction with the reproducing light beam at = 443 
nm. 

The reproduction output level with respect to the 
25 combination of each of the magnetization states greatly 

differs owing to the use of the two reproducing wavelengths 
and because of the following reason. Namely, as 
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understood from the curves illustrating the ctiange in the 
apparent Kerr rotation angle with respect to the 
reproducing wavelength shown in Fig. 5, the four states 
-iff "tt"f "it"f "tt" determined by the combination of 
5 magnetization states of the first and second magnetic 
layers involve greatly different magnitudes of the Kerr 
rotation angle and its order at the wavelengths 780 nm and 
443 nm. A two-valued signal(l) as shown in Fig. 15 (f) is 
obtained by slicing a signal reproduced with the 

10 reproducing light beam at Xj - 780 nm shown in Fig. 15 (d), 
by using a level SI at which the maximum signal intensity 
is divided into two. Further, a two-valued signal(l) shown 
in Fig. 15 (g) is obtained by inverting a signal waveform 
of the obtained two-valued signal. It is understood that 

15 the two-valued signal(l) shown in Fig. 15 (g) is the same 
as the two-valued signal recorded on the second magnetic 
layer. On the other hand, a two-valued signal(2) as shown 
in Fig. 15 (h) is obtained by slicing a signal reproduced 
with the reproducing light besun at = 443 nm shown in 

20 Fig. 15 (e), by using a level S2 at which the maximum 
signal intensity is divided into two. It is understood 
that the two-valued signal shown in Fig. 15 (h) is the same 
as the two- valued signal recorded on the first magnetic 
layer. Therefore, it is understood that the two-valued 

25 information recorded on the first magnetic layer can be 
reproduced by performing reproduction on the magneto- 
optical disk by using the wavelength X^ = 443 nm, and the 
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two-valued information recorded on the second magnetic 
layer can be reproduced by performing reproduction on the 
magneto-optical disk by using the wavelength X.^ = 780 nm. 
This reproduction process is based on the following 
5 principle. Namely, as explained in the principle of the 
method for recording and reproduction according to the 
second embodiment of the present invention, the two states 
of "It" ^nd "ll" can be distinguished from the two states 
of "tt" ^nd ••tl" by slicing the reproduction signal at the 

10 intemnediate level of the reproduction signal output at 
=443 nm, and the same signal as the signal obtained by 
two-valued representation of the magnetization state of the 
first magnetic layer is obtained by two-valued 
representation of the two sets of the states. Further, the 

15 two states of "it" "tt** ^^in be distinguished from the 

two states of "ij" and "ti" slicing the reproduction 
signal at the intermediate level of the reproduction signal 
output at ^2 - 780 nm, and the same signal as the signal 
obtained by inverting the two- valued signal of the 

20 magnetization state of the second magnetic layer is 

obtained by two-valued representation of the difference 
between the two sets of the states. Accordingly, pieces of 
information recorded on a plurality of magnetic layers can 
be independently reproduced by using the reproduction 

25 method described in this embodiment. In addition, a four- 
valued signal obtained from two two-valued input signal 
series can be also reproduced at a high S/N ratio in the 
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same manner as described in the fifth embodiment. 

Seventh Embodiment 
(Second Method for Recording on 
5 Magneto-optical Recording Medium) 

In this embodiment, an example will be explained, in 
which a recording method on a magneto-optical recording 
medium different from the recording method used in the 
fourth embodiment was carried out. In this recording 

10 method, information on any one of the first and second 
magnetic layers is rewritten in a virtual manner. In a 
recording system in which recording is performed by raising 
the temperature by collecting a laser beam with respect to 
stacked thin film-shaped magnetic layers included in an 

15 optical recording medium, it is extremely difficult to 

selectively raise the temperature of only one layer up to a 
temperature capable of recording. For this purpose, for 
example, an artifice is required to relatively increase the 
distance between two layers so that focal positions for a 

20 laser beam spot are deviated. However, such an artifice is 
extremely difficult to be carried out because of difficulty 
to achieve a thermal condition. Thus the present invention 
proposes the following method. Namely, information on a 
magnetic layer (for example, first magnetic layer) not 

25 subjected to rewriting of information is previously 

reproduced and stored. Upon rewriting of information, both 
of the first and second magnetic layers are heated to a 
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recording temperature (Curie temperature) by using a single 
laser beam so that the read information is recorded on the 
first magnetic layer again, and new information is recorded 
on the second magnetic layer subjected to rewriting. 
5 According to this method, apparently the information on the 
first magnetic layer remains as it is^ and only information 
on the second magnetic layer is rewritten into the new 
information* Thus only one of the magnetic layers is 
subjected to rewriting in a virtual manner. 

10 Next, a specified method will be explained with 

reference to Pigs. 9 and 10. The magneto-optical disk 
produced in the second embodiment was used as a recording 
medium. Accordingly, when the magneto-optical disk is 
operated in accordance with the reproduction method as 

15 explained in the aforementioned sixth embodiment, then 

information on the first magnetic layer can be reproduced 
by using the reproducing light beam having the wavelength 
Xi ~ 443 nm, and information on the second magnetic layer 
can be reproduced by using the reproducing light beam 

20 having the wavelength = 780 nm on the recording medium. 
Two laser sources as shown in Fig. 9 were used upon 
recording of information, and two laser beams were 
collected so that they were deviated from each other at 
frontward and backward positions in a direction along a 

25 recording track. Namely, the laser beam at X^ = 443 nm was 
allowed to precede the laser beam at Xj = 780 nm in order 
to make scanning on the disk. The laser beam at X^ = 443 
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nm was used as a light source for reproduction, and the 
laser beam at X2 = ^80 nm was used as a light source for 
recording. It is assumed that magnetization arrays as 
shown in Fig. 10 (b) are firstly recorded on the two 
5 magnetic layers of the magneto-optical disk. Domains 

corresponding to the magnetization arrays are shown in Fig. 
10 (a). The magneto-optical disk having the domains as 
described above is irradiated with the laser beam at Xj, 
and a two-valued signal(2) (second row in Fig* 10 (c)) is 

10 reproduced by detecting a reflected light beam from the 
disk. The reproduced two-valued signal is temporarily 
stored in an external memory. The reproduced signal 
obtained by using the reproducing light beam at 
corresponds to information on the first magnetic layer. In 

15 the next step, the reproduced signal (2) is combined with a 
two-valued signal(l) subjected to rewriting on the second 
magnetic layer {uppermost row in Fig. 10 (c)) to obtain a 
signal(3) (third row in Fig. 10 (c)) so that a modulated 
waveform of an external magnetic field to be applied is 

20 formed (Fig. 10 (d)). When a position of information, at 
which reproduction has been performed by using the 
reproducing light beaiR at k^, is encompassed by the light 
spot at 9 both of the first and second magnetic layers 
are heated to a temperature capable of recording. The 

25 external magnetic field in conformity with the combined 
recording signal described above is applied to perfoonn 
recording on the both magnetic layers. Fig. 10 (e) shows 
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magnetization states of the respective magnetic layers 
subjected to recording, and two-valued signals recorded 
thereon. According to the recording method as described 
above, information on the first magnetic layer is recorded 
5 again as it is as original information, and new information 
is recorded only on the second magnetic layer. The spacing 
distance between the reproducing light spot at and the 
recording light spot at is adjusted to be a length more 
suitable for perfonnance of a temporarily storing circuit 

10 for reproduced information and a magnetic field modulating 
circuit. As for the positions of the spots of the two 
irradiating' beams, they may be located at frontward and 
backward positions on an identical track as shown in Fig. 
11. Alternatively, they may be located on adjacent 

15 recording tracks as shown in Fig- 12 so that reproduced 
information obtained by using the wavelength is 
temporarily stored in a memory during a period in which a 
recording light beam spot at the wavelength Xj circulates 
the track. 

20 In the recording method described above, only the 

information on the second magnetic layer is rewritten. 
However, when only the information on the first magnetic 
layer is rewritten, rewriting of the information on the 
first magnetic layer can be executed by using the laser 

25 beam at the wavelength Xj and the laser beam at the 

wavelength X^ as a reproducing light beam and a recording 
light beam respectively to make scanning so that the laser 
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spot at the wavelength Xa precedes the laser spot at the 
wavelength Xj. 

In the sixth and seventh embodiment described above, 
recording and reproduction are performed by using the 
5 magneto-optical disk obtained in the second embodiment. 
However, it is also allowable to use the magneto^optical 
disk obtained in the third embodiment. When the magneto- 
optical disk obtained in the first embodiment is used, it 
is impossible to reproduce information on one of the 

10 magnetic layers by using only the reproducing light beam 

having one of the wavelengths. Accordingly, information on 
both of the layers is once reproduced by using the 
reproducing light beams having the wavelengths Xi and Xj. 
Only information on one of the magnetic layers is stored, 

15 which is combined with information to be recorded on the 
other magnetic layer, followed by recording by using the 
recording light beam. Thus it is possible to execute a 
virtual recording method in which only one of the layers is 
subjected to rewriting. 

20 

Eighth Embodiment 
(Fourth Embodiment of Magneto-optical Recording Medium) 
In the aforementioned embodiments, the rare earth 
metal-transition metal alloy comprising the same components 
25 (TeFeCo) has been used for the first and second magnetic 
layers. On the contrary, this embodiment exemplifies a 
magneto-optical recording medium produced by using 
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different materials for the first and second magnetic 
layers. The magneto-optical recording medium of the 
present invention conforms to a structure of a magneto- 
optical recording medium described in Japanese Patent 
5 Application laid-open No. 8-129,784 and K.Shimazaki, 

M.Yoshihiro, O.Ishizaki, S.Ohnuki,and N.Ohta, ^Magnetic 
multi-valued magneto-optical disk*, Magneto-Optical ^ 
Recording Int. Symp.1994, Post Dead Line Paper ^Thechnica^'^^^^^^rtjL 
Digest, No.27-S-01,p.4, 1994; Optical Data Storage, 

10 Technical Digest, pp. 59-60, 1994, proposed by the present 
inventors. This magneto-optical recording medium includes 
at least two or more stacked magnetic layers- Of the 
respective magnetic layers, at least one magnetic layer is 
formed of a magneto-optical recording film in which 

15 recording states exist in two or more different magnetic 

field regions with respect to an applied external magnetic 
field, and the other magnetic layer or layers are formed of 
a magneto-optical recording film in which at least one or 
more recording states exist in magnetic field regions 

20 different from those for the aforementioned magnetic layer. 
As described in Japanese Patent Application laid-open No. 
8-129,784 and K.Shimazaki, M.Yoshihiro, O.Ishizaki, 
S.Ohnuki,and H.Ohta, -Magnetic multi- valued magneto-optical 
disk", Magneto-Optical Recording Int. Symp.1994, Post Dead 

25 Line Paper \Thechnicall Digest, No.27-S-01,p.4, 1994; Optical 
Data Storage, Technical Digest, pp. 59-60, 1994, materials 
for the magnetic layer applicable to the medium include. 
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for example, oxide magnetic substances such as garnet and 
ferrite, alternately stacked materials composed of noble 
metal such as Pt and Pd and transition metal such as Fe and 
Co and/or rare earth metal such as Tb and Gd^ Heuslar 
5 alloys such as PtMnSb, and other materials having a large 
magneto-optical effect and usable to form a thin film such 
as MnBi. A specified example of the medium constructed as 
described above will now be explained. 

When a multi-layered recording medium, obtained by 

10 forming multiple layers by using only a rare earth metal- 
transition metal alloy, is subjected to reproduction by 
using a plurality of laser beams having different 
wavelengths so that pieces of information on respective 
recording layers are distinguished, then the mutual 

15 difference in the Kerr rotation angle between respective 
recording magnetization states with respect to the 
respective reproducing wavelength is generated by only a 
condition of optical multiple interference, because of the 
following reason. Namely, since materials of the same type 

20 are used for the recording layers, the materials themselves 
do not provide a large change for their tendency of change 
in the Kerr rotation angle with respect to the reproducing 
wavelength. Accordingly, in order to increase the 
difference in the Kerr rotation angle between respective 

25 recording magnetization states with respect to the 
reproducing wavelength and enhance the S/N ratio of 
reproduction signals, stacked layers comprising different 
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recording materials have been applied to the multi-layered 
recording according to the present invention • 

Fig. 18 shows an example in which a garnet film is 
used as a recording material for a first xaagnetic layer 
5 (recording layer) r and a rare earth metal-transition metal 
alloy is used as a recording material for a second magnetic 
layer (recording layer). Fig. 19 shows the change in the 
Kerr rotation angle of thin films made of the respective 
recording materials with respect to the measuring 

10 wavelength. As for the rare earth metal- trans it ion metal 
alloy / for example, TeFeCo, the Kerr rotation angle 
gradually decreases as the measuring wavelength becomes 
short as shown in Fig. 19. On the other hand, in the case 
of garnet, in general, the Kerr rotation angle remarkably 

15 changes depending on the change in wavelength, as compared 
with the rare earth metal-transition metal alloy. As shown 
in Fig. 19/ garnet provides an extremely small Kerr 
rotation angle at a wavelength in a range of about 600 nm 
to 800 nm. However, at a wavelength in a range of about 

20 400 nmto 450 nm, the Kerr rotation angle quickly 

increases, exhibiting a value of not less than 2 degrees at 
its maximum. Namely, when the medium having the stacked 
structure as shown in Fig. 18 is subjected to reproduction 
by using two laser beams having a wavelength in the range 

25 of about 600 nm to 800 nm and a wavelength in the range of 
about 400 nm to 450 nm, then the garnet thin film does not 
contribute to the Kerr rotation at a wavelength in the 
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range of about 600 nm to 800 nm, and it serves as a thin 
film which simply effects the multiple interference action. 
Only the Kerr rotation caused by the rare earth metal- 
transition metal alloy dominant ly contributes to 
5 reproduction signals. On the other hand, in the case of a 
wavelength in the range of about 400 nm to 450 nm, an 
extremely large Kerr rotation angle caused by the garnet 
thin film dominantly contributes to reproduction signals. 
The difference in the Kerr rotation angle between 

10 respective magnetisation states caused by op-tlcal multiple 
interference is further superimposed on the effect caused 
by the garnet thin film. The stacked structure as 
described above makes it possible to improve the 
reproduction efficiency on the multi-layered recording 

15 medium by using a plurality of laser beams having different 
wavelengths - 

As described above the magneto-optical recording 
medium according to this embodiment is characterized in 
that a plurality of magnetic layers, which have properties 

20 that the recording characteristic with respect to the 

recording magnetic field is mutually different between the 
respective magnetic layers, and simultaneously the magneto- 
optical effect such as the ellipticity and the Kerr 
rotation angle with respect to the measuring wavelength, 

25 especially the increasing point thereof is mutually 

different between them, are directly or indirectly stacked. 
Multi-layered recording can be achieved at a high S/N ratio 



59 



wo 97/03439 



PCT/JP9^/01938 



by performing reproduction on the medium by using a 
plurality of laser beams having different wavelengths. 

Next, a specified example of the medium having the 
feature as described above will be explained. At first, an 
5 SiN underlying base layer having a thickness of 80 nm was 
stacked by a sputtering method on a glass substrate applied 
with pre-pits and a guide groove for tracking for a laser 
beam spot. A garnet thin film as a first magnetic layer 
was deposited thereon. A material used herein was obtained 

10 by adding 1 atomic % of Rb to a garnet film, BijDyjFe^AliOij 
produced by a pyrolysis method. In this method, nitrates 
of respective elements, i.e., Bi(N03)3»9H20, Dy (N03)3»5H20, 
Pe(N03)3^9H20, and Al(N03)3»5H20 were dissolved in water at 
predetermined concentrations and used for spin coating, 

15 followed by heating to achieve drying and crystallization. 
The film had a thickness of 120 nm. A two-layered film of 
TbFeCo/PtCo as a second magnetic layer was stacked thereon 
through an SiN layer having a thickness of 20 nm. A film 
having a composition ratio of Tb32Fe56,5COii.5 was stacked in 

20 a thickness of 45 nm, on which an alloy film having a 

composition ratio of Pt94Co6 was stacked in a thickness of 
45 nm. An SiN layer as a protective film was stacked 
thereon in a thickness of 100 nm by means of sputtering. 
An ultraviolet-curable resin was spin-coated thereon, which 

25 was cured by ultraviolet irradiation. 

It is preferred for the magnetic layer to use a 
substance providing a large magneto-optical effect at a 
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wavelength of each of laser beams used for reproduction. 
This embodiment is exemplified by the use of the garnet 
film and the rare earth metal-transition metal alloy for 
the magnetic layers. The garnet film may be also produced 
5 by sputtering. For example, those usable include materials 
obtained by substituting the rare earth element in the rare 
earth metal-iron-garnet produced by sputtering with Bi, 
such as y275Bio.25Fe50x2- In addit:ion, a ferrite thin film 
composed of a base material such as (Y, Sm, Eu, Gd, Tb, 

10 Dy)Fe03 and (Co^ Ni, Fe, Mn)Fe204 is also a material which 
exhibits the characteristic increase in magneto-optical 
effect with respect to the wavelength, and thus such a 
material is preferably applicable to the present invention. 
As for the rare earth element-transition metal alloy, a 

15 system containing a light rare earth element such as Nd 
provides an increase in Kerr rotation angle in a short 
wavelength region. JMi alloy system of heavy rare earth 
metal-transition metal generally provides a decrease in 
Kerr rotation angle in a short wavelength region. 

20 Accordingly, a rare earth metal-transition metal alloy 
containing a light rare earth element is combined with a 
rare earth metal-transition metal alloy containing a heavy 
rare earth element to construct a group of magnetic layers 
of a medium. When reproduction is performed on such a 

25 medium by using a plurality of laser beams having 

predetejnnined wavelengths, then multi-layered recording can 
be achieved at a high S/N ratio. Alternatively, the Kerr 
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rotation angle is also increased in a short wavelength 
region by using a film obtained by alternately stacking Pt 
and Co in thicknesses of several angstroms, the film being 
also applicable in the same manner as described above. The 
5 stacking order and the number of the magnetic layers may be 
arbitrarily determined. 

An arbitrary dielectric protective film material may 
be used for each of the SiN layers. However, those 
especially preferred include, for example, nitride, oxide, 

10 fluoride, and carbide of Si, Ti, Al, Ta, Zr, Nb, and W. 

The refractive index and the thickness of these layers are 
selected in view of multiple interference and protective 
performance. They may be omitted, if necessary. The 
ultraviolet-curable resin layer may be also omitted, if 

15 necessary. 

The magneto-optical recording medium, in which the 
first and second magnetic layers use mutually different 
materials for the magnetic layers as described above, may 
be used for the methods for recording and reproduction 

20 according to the fourth to seventh embodiments. Thus it is 
possible to obtain a reproduction signal having a more 
excellent S/N ratio. 

Alternatively, both of the first and second magnetic 
layers may be formed of garnet films, and the composition 

25 of each of the garnet magnetic layers may be adjusted so 
that the reproduced signal-wavelength characteristic as 
shown in Fig. 2 or 5 may be obtained. In this arrangement. 
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in addition to the effect of the multiple interference, it 
is possible to further increase the change of the 
difference in the Kerr rotation angle corresponding to each 
of the magnetization states with respect to the wavelength. 
5 Accordingly, a reproduced signal is obtained at a more 
excellent S/N ratio. 

In the aforementioned embodiments, the present 
invention has been exemplified by the case in which the 
magneto^optical recording medium of the present invention 

10 is subjected to recording in accordance with the magnetic 
field modulation system. However, the method for recording 
on the magneto*-optical recording medium of the present 
invention is not limited to the magnetic field modulation 
system, which is also applicable to optical modulation 

15 systems in which signal modulation is performed by using 
the pulse frequency of a recording light beam or the power 
of a recording light beam. The method of the present 
invention is applicable to all optical recording media 
provided with a plurality of magnetic layers in which the 

20 reproduction signal output from the multi-valued state 
differs in conformity with the use of reproducing light 
beams having different wavelengths as shown in Figs. 2 and 
5. 

25 Industrial Applicability 

The magneto-optical recording medium of the present 



63 



wo 97/03439 



PCT/JF96/01938 



invention makes it possible to increase the reproduction 
signal intensity ratio in the mult i- valued state determined 
by the combination of magnetization directions on a 
plurality of magnetic layers. Accordingly, it is possible 
5 to reproduce multi-valued information at a high S/N ratio. 
The magneto-optical recording medium of the present 
invention also makes it possible to reproduce information 
recorded on each of magnetic layers at different 
wavelengths for each of the magnetic layers. Accordingly, 

10 the recording medium is extremely effective, for example, 
for processing correlated information. 

The method for recording and reproduction on the 
magneto-optical recording medium of the present invention 
enables the magneto-optical recording medium according to 

15 the present invention to be subjected to reproduction by 
using reproducing light beams having different wavelengths 
so that information may be reproduced at a high S/N ratio 
as compared with the conventional reproduction method. 
According to the method for recording and reproduction on 

20 the magneto-optical recording medium of the present 

invention, information can be independently reproduced for 
every magnetic layer by using the magneto-optical recording 
medium of the present invention. According to the method 
for recording and reproduction on the magneto-optical 

25 recording medium of the present invention, it is possible 
to rewrite information on only one magnetic layer among a 
plurality of magnetic layers. Therefore, information can 
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be independently recorded and reproduced on every magnetic 
layer by appropriately selecting the wavelength for 
recording and reproduction when the magneto-optical 
recording medium of the present invention is used. 
5 Accordingly, the present invention makes it possible to 
increase the recording density on the magneto-optical 
recording medium. 
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CLAIMS 

1- A method for recording and reproduction on a 
magneto-optical recording medium including a plurality of 
5 magnetic layers, in which multi-valued information is 
recorded on the magneto-optical recording medium as a 
combination of magnetization states of the respective 
magnetic layers, and the multi-valued information is 
reproduced on the basis of an aggregate of the 

10 magnetization states of the respective magnetic layers, 
characterized in that: 

the plurality of the magnetic layers are irradiated 
with light beams having wavelengths and {>^2 ^ K) 
respectively, signals reproduced from reflected light beams 

15 having the respective wavelengths are converted into two- 
valued or higher multi-valued reproduction signals 
respectively, and then the converted reproduction signals 
concerning the respective wavelengths are mutually 
subjected to logical operation to reproduce the recorded 

20 mult i- valued information. 

2 . The method for recording and reproduction on the 
magneto-optical recording medium according to claim 1, 
wherein the magneto-optical recording medium to be used is 
25 a magneto-optical recording medium in which a ratio of 
intensities of reproduction signals detected for a 
plurality of magnetization states determined by the 
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combination of the magnetization states^ concerning the 
reproduction signals obtained at the wavelength k^, is 
mutually different from that concerning reproduction 
signals obtained at the wavelength Xj. 

5 

3. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 1 or 2, 
wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium in which an order of 

10 intensities of a plurality of reproduction signals detected 
for a plurality of magnetization states determined by the 
combination of the magnetization states, obtained upon 
detection at the wavelength X^, is mutually different from 
that obtained upon detection at the wavelength X^. 

15 

4. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 3^ 
wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium including two magnetic 

20 layers capable of four-valued recording on the basis of 

four combined magnetization states, in which magnitudes of 
reproduction signals to 64 from the four magnetization 
states, obtained upon reproduction at the wavelength X^, 
are different from those obtained upon reproduction at the 

25 wavelength Xj/ wherein: 

the two magnetic layer are irradiated with the light 
beams having the wavelengths and K2 respectively. 
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signals reproduced from respective reflected light beams 
are sliced by using at least one level to obtain two-- valued 
or higher multi-valued reproduction signals respectively, 
and the two-valued or higher multi-valued reproduction 
5 signals concerning the respective wavelengths are mutually 
subjected to logical operation to reproduce information 
recorded by four-valued recording. 

5. A method for recording and reproduction on a 

10 magneto-optical recording medium including a plurality of 
magnetic layers, in which multi-valued information or a 
plurality of two-valued information series are recorded on 
the magneto-optical recording medivim as a combination of 
magnetization states of the respective magnetic layers, and 

15 the multi-valued information or the plurality of the two- 
valued information series are reproduced on the basis of an 
aggregate of the magnetization states of the respective 
magnetic layers, characterized in that: 

the plurality of the magnetic layers are irradiated 

20 with light beams having wavelengths and respectively, 
information recorded on one of the magnetic layers /is 
reproduced by using the light beam having the wavelength 
Xi, information recorded on another of the magnetic layers 
is reproduced by using the light beam haying the wavelength 

25 X2 ^ K)^ thus information is independently 

reproduced from each of the magnetic layers • 
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6. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 5, 
wherein the magneto-optical recording medium to be used is 
a magneto-optical recording medium in which an order of 

5 intensities of a plurality of reproduction signals detected 
for a plurality of magnetization states determined by the 
combination of the magnetization states, obtained upon 
detection at the wavelength X^, is mutually different from 
that obtained upon detection at the wavelength Xj. 

10 

7. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 5 or 6, 
wherein information recorded on one of the magnetic layers 
is reproduced by radiating a light beam having the 

15 wavelength Xj or Xj, while the reproduced information is 

combined with information to be recorded on another of the 
magnetic layers to perform recording by using a recording 
light beam having the wavelength X^ or Xj, and thus only 
information on the another of the magnetic layers is 

20 rewritten in a virtual manner. 

8. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 7, 
wherein the magneto-optical recording medium to be used is 
25 a magneto-optical recording medium including two magnetic 
layers capable of four-valued recording on the basis of 
four combined magnetization states, in which an order of 
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magnitudes of reproduction signals 8^ to 64 from the four 
magnetization states, obtained upon detection at the 
wavelength X^, is different from that obtained upon 
detection at the wavelength Xj, and wherein: 
5 two-valued information on one of the magnetic layers 

is reproduced by using the light beam having the 
wavelengths Xj, and two-valued infomnation on the other 
magnetic layer is reproduced by using the light beam having 
the wavelengths 

10 

9, The method for recording and reproduction on the 
magneto-optical recording medium according to claim 8, 
wherein a two- valued signal converted into two-valued one 
by slicing, at a predetermined level, a reproduction signal 

15 including the four magnetization states detected at the 
wavelength X^ corresponds to a two-valued magnetization 
state of one of the magnetic layers, and a two-valued 
signal converted into two-valued one by slicing, at a 
predetermined level, a reproduction signal including the 

20 four magnetization states detected at the wavelength Xj 
corresponds to a two-valued magnetization state of the 
other magnetic layer. 



10. The method for recording and reproduction on the 
25 magneto-optical recording medium according to claim 7, 

wherein information is independently recordable on each of 
the magnetic layers, and information is independently 
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reproducible from each of the magnetic layers by selecting 
the wavelength of the light beam with which the magneto- 
optical recording medium is irradiated. 

5 11- The method for recording and reproduction on the 

magneto-optical recording medium according to claim 1^ 
wherein Xi is 350 to 900 nm^ and is a wavelength 
different from by not less than 50 nm. 

10 12. The method for recording and reproduction on the 

magneto-optical recording medium according to claim 5, 
wherein X^ is 350 to 900 nm^ and Xj is a wavelength 
different from X^ by not less than 50 nm. 

15 13- The method for recording and reproduction on the 

magneto-optical recording medium according to claim 1, 
wherein the magneto-optical recording medium is irradiated 
with the light beam at X^ and the light beam at X^ so that 
the two beams are collected at different portions on a 

20 recording area of the magneto-optical recording medium 
respectively. 

14. The method for recording and reproduction on the 
magneto-optical recording medium according to claim 5, 
25 wherein the magneto-optical recording medium is irradiated 
with the light beam at Xi and the light beam at Xj so that 
the two beams are collected at different portions on a 
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recording area of the magneto-optical recording medium 
respectively . 

15. A magneto-optical recording medium to be used for 
5 the method for recording and reproduction according to 

claim 1, including a plurality of magnetic layers on a 
substrate r on which multi-valued information is recorded on 
the basis of a combination of magnetization states of the 
plurality of the magnetic layers, characterized in that: 

10 a ratio of magnitudes of Kerr rotation angles read 

from a plurality of magnetization states determined by the 
combination of the magnetization states, obtained upon 
reproduction by using a light beam having a wavelength X^, 
is mutually different from that obtained upon reproduction 

15 by using a light beam having a wavelength Xj. 

16, The magneto-optical recording medium according to 
claim 15, wherein optical path lengths of layers for 
constructing the magneto-optical recording medium are 

20 adjusted so that the ratio of magnitudes of Kerr rotation 
angles read from a plurality of magnetization states 
determined by the combination of the magnetization states, 
obtained upon reproduction by using the light beam having 
the wavelength X^, is mutually different from that obtained 

25 upon reproduction by using the light beam having the 
wavelength Xj. 
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17. The magneto-optical recording medium according to 
claim 15 or 16 , wherein a magnetic material for at least 
one magnetic layer of the plurality of the magnetic layers 
is selected so that the ratio of magnitudes of Kerr 

5 rotation angles read from a plurality of magnetization 
states determined by the combination of the magnetization 
states, obtained upon reproduction by using the light beam 
having the wavelength X^, is mutually different from that 
obtained upon reproduction by using the light beam having 
10 the wavelength 

18. The magneto-optical recording medium according to 
claim 17, wherein the magnetic material for at least one 
magnetic layer is garnet. 

15 

19. A magneto-optical recording medium to be used for 
the method for recording and reproduction according to 
claim 5, including a plurality of magnetic layers on a 
substrate, on which multi-valued information or a plurality 

20 of two-valued information series are recorded on the basis 
of a combination of magnetization states of the plurality 
of the magnetic layers, characterized in that: 

magnitudes of Kerr rotation angles read from a 
plurality of magnetization states determined by the 
25 combination of the magnetization states differ depending on 
a wavelength of a reproducing light beam respectively; and 
the magneto-optical recording medium has a magneto- 
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optical characteristic that a curve, which represents 
variation in the Kerr rotation angle with respect to the 
wavelength of the reproducing light beam detected from one 
combined magnetization state, intersects a curve which 
5 represents variation in the Kerr rotation angle with 

respect to the wavelength of the reproducing light beam 
detected from at least one of other combined magnetization 
states, in a wavelength range of to of the wavelength 
of the reproducing light beam. 

10 

20, The magneto-optical recording medium according to 
cladLm 19, further comprising at least one dielectric layer 
and comprising the plurality of the magnetic layers on a 
substrate, wherein optical path lengths of the at least one 

15 dielectric layer and the plurality of the magnetic layers 
are adjusted so that the magneto-optical recording medium 
has the magneto-optical characteristic that the curve, 
which represents variation in the Kerr rotation angle with 
respect to the wavelength of the reproducing light beam 

20 detected from one combined magnetization state, intersects 
the curve which represents variation in the Kerr rotation 
angle with respect to the wavelength of the reproducing 
light beam detected from at least one of other combined 
magnetization states, in the wavelength range of to Xj 

25 of the wavelength of the reproducing light beam. 

21. The magneto-optical recording medium according to 
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claim 19 or 20, wherein a magnetic material for at least 
one magnetic layer of the plurality of the magnetic layers 
is selected so that the magneto-optical recording medium 
has the magneto-optical characteristic that the curve, 
5 which represents variation in the Kerr rotation angle with 
respect to the wavelength of the reproducing light beam 
detected from one combined magnetization state, intersects 
the curve which represents variation in the Kerr rotation 
angle with respect to the wavelength of the reproducing 
10 light beam detected from at least one of other combined 
magnetization states, in the wavelength range of to 
of the wavelength of the reproducing light beam. 

22. The magneto-optical recording medium according to 
15 claim 21, wherein the magnetic material for at least one 

magnetic layer is garnet. 

23. The magneto-optical recording medium according to 
claim 19, comprising at least a dielectric layer,' first and 

20 second magnetic layers, and an auxiliary magnetic layer on 
the substrate, wherein at least one of the first and second 
magnetic layers . is represented by the following general 
formula : 

( Tbioo-AQA)xFeioo-x-y-zCOyM2 

25 wherein: 

15 atomic % s X ^ 40 atomic %; 
5 atomic % ^ Y s 20 atomic %; 
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0 atiomic % a; Z < 15 atomic %; 
0 atomic % ^ A ^ 30 atomic %; 
wherein M is at least one of elements selected from the 
group consisting of Nb, Cr, Pt, Ti, and Al, and Q is at 
5 least one of elements selected from the group consisting of 
Gd, Hd, and Dy. 
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connected therewith and in connection with the resulting patent based on instructions received from the 
entity who first sent the application papers to the attorneys identified below, unless the inventor(s) or 
assignee provides said attorneys with a written notice to the contrary: 



PLEASE NOTE: 
YOU MUST 
COMPLETE THE 
FOLLOWING: 



RAYMOND C. STEWART (Reg. No. 21,066) 
JOSEPH A. KOLASCH (Reg. No. 22,463) 
JAMES M. SLATTERY (Reg. No. 28,380) 

CHARLES GORENSTEIIsr(Reg. No. 29,270 
LEONARD R. SVENSSON (Reg. No. 30,330) 
MARC S. WEINER (Reg. No. 32,181) 
JOE McKINNEY MUNCY (Reg. No. 32,334) 
C. JOSEPH FARACI (Reg. No. 32,350) 



TERRELL C. BIRCH (Reg. No. 19,382) 
ANTHONY L. BIRCH (Reg. No. 26,122) 
BERNARD L, SWEENEY (Reg. No. 24,448) 
MICHAEL K. MUTTER (Reg. No. 29,680) 
GERALD M. MURPHY, JR. (Reg. No. 28,977) 
TERRY L. CLARK (Reg. No. 32,644) 
ANDREW D. MEIKLE (Reg. No. 32,868) 
ANDREW F. REISH (Reg. No. 33,443) 



Send Correspondence to: BIRCH, STEWART, KOLASCH AND BIRCH, LLP 



P.O. Box 747 
Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 
Facsimile: (703) 205-8050 



I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fme or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



FnUNaki^ of First or Sole 
Inven|Oi^ 

Insert Nome of Inventor | 
InserCDttte This 
Document Is Signed 

Insert I^^dence , 
Insert 4^tizenship I 



Insert Post Office 
Address 

Full Naxi^ of Seccmd 
Inven|«ie, if any: 



Full Name of Third 
InTentor, if any: 

see above 



Full Name of Fourth 
Inventor, if any: 

see above 



FuU Name of Fifth 
Inventor, if any: 



•Note: Musi be completed 
— date this document is 
signed. 
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GIVEN NAME FAMILY NAME 

Katsusuke SHIMAZAKI 


INVENTOR'S SIGNATURE 


DATE* 

/?97, /o.^2 


Residence (City. State & Country) 

Ki tasouma-gun , Ibaraki , JAPAN 


G*TIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 

4-2-1, Matsumaedai, Moriyamachi , Ki tasouma-gun, Ibaraki , JAPAN 


GIVEN NAME FAMILY NAME 

Norio OHTA 

y 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) ^ ' ^j^^^^^^^^^^^ 

Tsukuba-gun, Ibaraki, JAPAN 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 

6-16-9, Kinunodai, Yawara-mura, Tsukuba-gun, Ibaraki, JAPAN 


GIVEN NAME FAMILY NAME 

Akiyoshi ITO 


INVENTpR^S SIGNATURE / /7 


DATE* 


Residence (City. State & Country) ^ 

Matsudo-shi, Chiba, JAPAN 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 

123-1, Kouya, Matsudo-shi, Chiba, JAPAN 


GIVEN NAME FAMILY NAME 
Katsuj i NAKAGAWA 


INVENTCWS SIGNATURE /J 


DATE* 


Residence (City, State & Country) ^ jj 

Edogawa-ku, Tokyo, JAPAN ^ 


dflZENSHiP 

Japanese 


POSLpFFICE ADDREgS (Complete Street Address Including City, State & Country) 

ISg|iea?^girTfe,2jAMl& Higashikoiwa 6-chome, 


GIVEN NAME FAMILY NAME 

Kazuko INOUE 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) 

Ryugasaki-shi , Ibaraki , JAPAN 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City. State & Country) 

1_1 0-6-301, Kubodai 4-chome, Ryugasaki-shi, Ibaraki, JAPAN 



